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t?l] Circulation 

A SHALLOW NORTHEASTViWJ CURRBfl IN TS1 WRU 
rACIPIC 

««»*««««• of Ocnaw.«raphT, 
k-0». U Jolla. Callfornli 92093) 

A parninanc largc-acala longltndlnal ndan 
ol ata aurfaca tanparatura at nld-lat Itudaa in 
iha raatam North Pacific la aaplaknd bp ■ 
paraanant elrcujailco. Ona part el th. elreu- 
atlon coni lata of a tvorthaaaward cotrant mac 

laM^l!*"’ “J ,eh • rt ‘ nd " fro* low 

latllulta oo cha vtiiarn alda to ald-latltudai 
an cha aaaram alda of tha baaln, and a n all - 
ueicvard return flow on althor alda aad 
uDdarnaalb tha oorthtaatvard entrant. Tba othar 
part ol tba clreulatlon conalata of ■id-lacitiido 
aattvard aod lw Utltuda waaevard turfasa cut- 
rao , a. The emplata clrciUatlco u drtv.n by 
lha wind and by tha tun, and It cosiirvaa uia 
«d irana porta haac and aaatward angular no- 

Pol«rard, at H|ilttd of tba ocaaa. Tha 
•faiooal aaai-vaal aovaawit of tha lenal cud Inal 
tanperaluc. hum la explained by tha north- 
«« r;!" 4 " 1 V ,h * d,B * onB l dreulat loo, 
which foUova the tMional normants of the aun 

tii.?’? 1 *•*">"•« variation* « n tha 

hSSrl ta ‘!“ “* With th* 

hala cta ef nata. hut, and eaatward angular 00 - 
aantia balog aatlaf lad throughout tha aeaaonal 
"' l V (LBr »«-ncil« circulation, beat baUnc*. 
aagulai nobentuo baltnce, aurfaca taaparatur*)! 
eophya, Mb., Gtttn, Paper 1CM26 
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47#S Surface vavei, tide* and aea 1*»*1 
INPRAGRAVm ENERGY IN IKE SURP ZONE 
R. HoIbui (Oregon State Unlvuralty. CorviUl*, 
Oregob, 91JJ1) 

Tla# aeries of velocity apectra have bean ob- 
tained within th* aurf aona on Mtftlnlquo Beach, 
Nova Scotia at different itagea of th* tide and 
foT varying Incident wavu conditions. Tha spec- 
tra show significant itnictura, in th* fora of 
pubs and valley*, in tha Infragravity band 
(.DOS- ,05 htj but the fraquenclea of tha fej turai 
vary aoaauhat with th* stage of lha tld* and *r* 
not consilient batwoon Instrunant* . Analysis 
tarried out In terni of a apectra I transform! ion 
(lha anorgy spectrum which would b« ohsarvad Si- 
an offshore Instrument II the shoreline aaplltuM 
tpactnisi <aa white with unit spectral energy «n- 
alty). The transform t Ion duplicate* th* n»Jo r 
spectral feature! In the Infrngravlty bend. In- 
dicating that tha equivalent shoreline a^lliud* 
apse trim la relatively swoth (slightly Uw) 
and that the observed structure does not In f*“ 
represent any real physical process. The nsten 
of tranefomatlon and date also lilies that lh» 
onshore component of lnfrsgravlty energy l* pf»- 
doulnsntly essocUtod with free waves, not foK*« 
oscillations. The longshore velocity spectra 
fail to show the seme wave-associated spectral 
structure In the lnfragrivity band, Inplylnfl thBt 
forced oscillations are doalnsnt. The wavs »n- 
argy soon in tho onshore voloclty spoetto could 
than bo osplslnad In tarns of standing Incident 
Mvas or ^ the suparposltlon of sinny edge 
wde» Including high oodei. Consideration of 
•dge wav# dynamics indlcstas thst th* litter 
csss might be expected on east coast (of North 
ANSclca) baaehai wboro Atlantic incident swell 
typically shew a moderate directional aptead. 
Comparison of Infrngravlty energy during high 
•nd low lneldaat conditions shows that lofrs- 
gravity waves tend to bacons dominant during 
ttotmt, Kowsver, this observation l* fr>» "t* 
tshon within the surf tons where lacrosses l. 
Incident saplltude ore limited by th* breablng 
process. There Is reason to bollevo that tho 
opposite observation night have been aide if tn 
data had coapirsd more raprasentstlvs virltblM 
auch at tha offshore Incident amplitude and U» 


ihorellne edge wave aaplltude. 

J, Owiphya, las.. Green, Paper ICO} 14 
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4780 Ihidannur Sound 
SCATTERING FJtfH VOLUME VAPIABILIH 
L. Ooodrnsn and K. A. Hemp . _ ' 

Acoustic scattering cross sections for mjiip 
fluctuations hive been derived fro* th* f"*®* ' 
nnUT Have equation. The affect of » J'hlU 
KStterlm vo Inn 1 has been inslyied- fwy> 
velocity fluctuations can be shown to produce no. 
backseat ter at scattering angles* la0 “' l5£ BP * 
dent of the statistical form of the ve'oclty. „ 
field. Scattering fro* sound speed flixtoalton, . 
for the atmospheric and oceanic cases Is c»P*tv 
U sing a cylfndrlcaVIy sy*eetrtc form about tn* 
vertical direction Tar t«*periture flucto»tion*r . 
explicit expressions for tna scattering -cross 
-sections' are obtained. These Ireiul ts depeso ... 


tbe Iiimoi k.— ni*, 11 "" °**d lo astlmat* 

a»2i ,r * 

..jfaar-* Tmi t£rr Uc ^^:-: 


•■"■'VIM Div VUigillN. IIIDIBiieaiM — T _r - .Lb 

strongly on the par arse ter c< , the ratio j™ 
vertical length scale of. the teeiparatiirs »»ria . 
blllty-to the horizontal length icila. For a 
typical echo- sounder. operating at 20 hh**. of 
tclttqrlng strengths based on observed *■]•**: 


-,.,^..,,11, wirwng.nw otira wi -- — ,. 

teeperattire nlcrost-rufcture are of ordar -leu . ■ 
If Isotropy. is assund ■ J). For the layeff • , 


If Isotropy. is assufied (■ A ■ -1)-. For lhe' ^ ' 
*MD,-dhiS the horizontal scale of M» virUbn'W;-. 
Is Terger than the horizontal dimension nf 1 ™ : ; 
sea tiering volume, scattering Strengths ore oi . , , 
qWer -70dB. Thdse results can be tan ^f ?* tv 


yrunr -i mob, mate results can wi •*"•"-■.,,1111 
. 'Other frequencies provided the ■edlun' wr^kM»V* 
jdpoctnai-Is ledijn, . 

■-ili Upbphj-^. !rp», , ;Cro*n, Paper 80C169I . 
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The Great Solar 
Eruption of May 24, 
1979 


Neil R. Sheeley, Jr., D. J. Michels, 
r. A. Howard, and M. J. Koomen 

E. 0. Hulburt Center for Space Research 
Naval Research Laboratory 
Washington, D.C. 

The sequence of Images on today's cover of Eos shows 
the most spectacular solar mass ejection observed to date 
with the Naval Research Laboratory's Earth-orbiting coro- 
nagraph. Preceded by a loop-shaped coronal structure, an 
enormous eruptive prominence fs visible both expanding 
end moving outward across the coronagraph's 2.5-1 0.0- fl s 
annular Held of view. As It left the field, the prominence 
dwarfed the sun Itself, whose size and location are indicat- 
ed by the small white disk in the lower-right photograph. 

The prominence can be recognized by Us characteristic 
structural detail and by the fact that its relatively unpoler- 
Ized radiation Is not blocked by the polarization-analyzing 
rings that are faintly visible at 5 Re and 8 R s against the 
coronal background. The Ha 6563-A line of neutral hydro- 
gen Is the principal prominence emission line in the corona- 
graph's 4000-7000-A spectral bandpass. On the other 
hand, the strongly polarized coronal radiation is continuum 
emission originating at the occulted solar disk and Thom- 
son scattered by coronal electrons in the 2.5-1 0.0-Rg field 
otvlew. Both the prominence and the expanding coronal 
loop' have been enhanced In our cover photograph by sub- 
tracting a preevent Image from each picture. 

When such prominences are observed prior to their erup- 
tion, they reveal a wealth of fine structure similar to that 
shown here, but with a spatial scale that Is more than an 
order of magnitude smaller. This fine structure has made it 
difficult to determine the physical properties oi even quies- 
cent prominences, despite numerous attempts to do so 
over the years. The composition of a prominence is be- 
lieved to be similar to that of the sun Itself: 90% hydrogen, 




TRANSACTIONS, AMERICAN GEOPHYSICAL UNION 

The Weekly Newspaper of Geophysics 

Send double-spaced manuscripts {four copies) to Eos, AGU, 2000 
Halda Avenue, N.W., Washington, D.C. 20009, or send them dfrect- 
7(0 one of the associate editors with a oopy to the above address. 

Hitori A. F. Spllhaus, Jr.; Associate Editors! Claude J. Allegro, 
M, Bell, Kevin C. Burka, Kristina Kalsaros, Gerard Lachapelle, 
^toptier T. Russell, Richard A. Smith, Sean C. Solomon, Carl 
B Br J News Writer: Barbara T. Rlchman; Editor's 
*Miatsnti Sandra R. Marks; Cos Production Staff: Patricia 
Margaret W. Conelley, Eric Garrison, James Hebblelh- 
™> 0 , Dae Sung Kim, Michael Schwartz. 

Ofjtetra of tho Union 

l^il u J° VVKson, President; James A. Van Allen, President-Elect; 
Mob * Qeneral Secretary; Carl Kteetlnger, Foreign Sec- 

F. Spllhaus, Jr., Executive Director; Waldo E. Smith, Exec- 
ufiv 0 Director Emeritus. 

Advertising that meets AGU standards Is accepted. Contact Bleen 
u - advertising coordinator, 202-462-6903. 

Am6r)CBn Geophysical Union (ISSN 0096-3941) 
wed weekly by the American Geophysloal Union from 2000 
Avenue, N.W., Washington, D. C. 20009. Subscription avail- 
y^irequwt. This Issue $5.00. Second-class postage paid at 
fiflUjn, 0. C„ and at additional mailing offices. 

ty the American Geophysical Union- Material pub- 
'Mearrh _? aue ma 7 photocopied by Individual scientists for 
ijuotaoW arQQm us®- Perml8elon Is also granted to use short 

kumaiac " flur ® 8 and tables for publication In scientific books and 
icaju- ’ Passion for any other uaes, contact AGU Pub- 

200 Q 9 3 UfflCe ’ 2000 Florid a Avenue, N.W., Washington, D. C. 

S?? In Ws Publication are those of the authors only and 
“^^asTlyrt ^ ,,lorw ^ the American Geophysical Union 

JIl 8 8er * ea °f Images shows the changes In the sun’s 
nines snrm." 1 ? are ““dated with a very large eruptive proml- 
Nnded in sSl n S d by a briflht corona l loop, the prominence ex- 


actertatfc nnmTJ . a,a " n 9uished from the corona both Dy ns cnar-. 
duoed bv iEr , ^ ll and by the fact that Its Intensity was not re* ( 
against tha 8 1 “■arlzatlon analyzer rings that are faintly visible 
thews al 5 R s and 8 Rs- The 4000-7000-A bandpass 

«Pherlc 88 8tr ongly polarized Thomson-scattered photp- 

®5sa-A Hnm ^ nd ,he prominence as relatively ^ unpolarized Ha , 
69,68 the SjTIS 50, ln | o w ® r right image, the white area Indl- 
[aJL The NpJ? J 1 8 ®° lar disk, and the scale Is marked In solar 
?*n ODBifiir^r Re8e aroh Laboratory White light coronagraph.has 
JJafch i9 7 g7 M 8uc c e 8sfully on the DOD satellite P78-1 since 
*■ Howard s ^ Re8Qar °b Laboratory photograph courtesy ■ 

' J - Koomen, D. J. Michele, and N. R, Sheeley, Jr.) ' 


trace am ounts of oxygen, carbon, nitrogen, 
and ttte less abundant elements. The hydrogen is estimat- 
ed to be from 50% to 90% ionized, and the resulting elec- 

1 nPo 8 hS j 0 d0nslt !® s and temperatures of approximately 

10 cm and 10 K, reapectlvely. In contrast, the fully lon- 
izM coronal plasma has an electron density on the order of 
10° cm and a temperature of approximately 10® K near 
the sun's surface. 

These estimates havs often raised the question of how a 
relatively cool, dense prominence can persist In the hot co- 
rona for several weeks to months prior to Its eruption. The 
usual response la that the prominence Is wrapped some- 
how by a protective magnetic field which shields it from the 
hot and highly ionized corona. Indeed, observations of the 
sun’s surface magnetic fields and their associated atmo- 
spheric tracers do point to tha possible existence of mag- 
netic fields twisted somehow around or through promi- 
nences. Despite this supposed shielding, the Individual 
prominence structures seem to have thermal skin depths 
within which the electron temperature drops from 1 0® K to 
10 4 K. This Idea Is supported by the fact that a prominence 
looks remarkably unchanged when observed In emission 
lines that are formed over a wide range of temperatures 
from approximately 10 4 K to 0.5 x 10 6 K. Evidently the 
large-scale appearance of the prominence Is relatively In- 
sensitive to whether the radiation is from the 'outer skins' or 
'Inner depths' of the unresolved prominence line structures. 

If one uses the sequence of Images to trace the outward 
motion oi the May 24 eruptive prominence, he finds a radial 
velocity (in the plane of the sky) that quickly accelerates 
from 350 km/s al 2.7 Re to a nearly constant value of 700 
km/s between 3 R s and 10 Rg. Thus, in this sequence, the 
prominence motion rapidly exceeded the sun's escape ve- 
locity, which Is 618 km/s at the surface and falls as the 
square root of the radial distance (376 km/s at 2.7 R s and 
195 km/s at 10 Rq. Furthermore, this prominence motion 
was highly supersonic, compared to the 170 km/s proton 
thermal speed of the 10 e K coronal plasma. This (act raises 
the presently unresolved question of whether the preceding 
coronal 'loop' should be interpreted as an outward -propa- 
gating shock wave, an expansion of overlying magnetic flux 
loops, or both. 

Perhaps the most notable aspect of the May 24 eruption 
Is the fact that the prominence maintained its overall shape 
while Increasing its linear dimensions by an order of magni- 
tude. Except for the large scale difference, the structure 
looked just as much like a prominence al 5-10 R s in these 
relatively low-resolution (1.25 arc min) coronal images as it 
did at 1 Rein much higher resolution (2 arc sec) ground- 
based Hct Images obtained prior to the eruption. Evidently, 
this shape preservation reflects a systematic large-scale 
motion such as would be produced by a mass-flux-conserv- 
ing ’explosion' or by a magnetic expansion. In comparison, 
a diffusive expansion caused by thermal motions or by ran- 
dom motions of the prominence’s initial fine structures 
would have blurred out the prominence's shape in an ex- 
pansion of this magnitude. Moreover, the 17 km s proton 
thermal speed of a 10 4 K prominence is much too slow to 
have produced the observed 100 km/s widening and 400 
km/s lengthening of the prominence. 

As In many other eruptive prominence events, no associ- 
ated solar Hare or large X ray burst was observed from 
Earth, despite the availability of suitable observations. How- 
ever, at the time of its eruption the prominence was located 

2 days behind the sun's east limb, where an associated 
flare or X ray burst might well have been hidden. Indeed, 
when solar relation carried this longitude around the east 
limb into view, one could see that a large new magnetic re- 
gion had emerged near the former prominence's previously 
quiet location. One would expect this flux emergence to 
have disturbed the prominence, regardless of whether It 
may also have produced a solar flare. 

Finally, we mention that this Naval Research Laboratory 
coronagraph operated routinely on the Department of De- 
fense Space Test Program Satellite P78-1 during 1979 and 
1980, and continues to do so ln 1981. As we process these 
data and compare them with other observations during this 
era of high sunspot activity, we hope to understand these 
eruptions and their Influence on the Interplanetary medium. 
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Rough Seas for Ocean Drilling 

Federal funding for the Ocean Margin Drilling Program 
(OMD) may be in jeopardy in Congress. The original bud- 
get request by Ihe Carter administration (or fiscal year 1962 
was $16 million (Eos, Mar. 24. 1981). The Reagan adminis- 
tration Office of Management and Budget recommended re- 
duction lo a level of $12 million, but now the program coufd 
be scrubbed altogether. Recent acllon taken by the House 
Subcommittee on Science, Research, and Technology has 
included cutting the OMD program from the Nalional Sci- 
ence Foundation FY 1982 budget. This action Is sponsored 
by a Democratic House majority. 

Representative A. Erie) (D.. Penn.) raised strong objec- 
tions to the program's being supported jointly by the federal 
government and industry, in this case petroleum compa- 
nies. (n an effort to get the program underway last year, 10 
oil companies were asked to support the program financial- 
ly and technically. The federal government was to pay (or 
only half the costs. Ertel Interpreted tha joinl effort as a 
subsidy of the oil companies.’ and ’not a science project.' 
He has staled to the effect that the OMD program was one 
of petroleum exploration. 

Actually, Ihe OMD program was created as a scientific 
drilling program to expfore the geology of the continental 
slope. There Is fundamental science lo be gained on the 
crucial boundary between oceanic and continental plates. 
True, ihe oil companies would like to find oil on the 
slopes— so would many other Interests. But, presently ihere 
is precious little scientific data available on the ocean mar- 
gins. The oil companies will need an extensive base before 
exploration can ever begin. The rules agreed upon are that 
drilling is not lo be 'on structure,' l.e., drilling is not to be lo- 
cated on petroleum or gas locations. The locations are to 
be scientifically located. 

Technological advances for the OMD program are to be 
manifold. Drilling at depths in excess of 4000 km ol water 
has not been done before, much less with the required 
blowout protection and riser mechanism. Development of 
those techniques will take some years. The spinoff should 
be ot value to industry, government, and research interests 

The last word on the OMD program in the House of Rep- 
resentatives is not yet cast in concrete.' The NSF budget 
awaits full committee approval and appropriations. Other 
portions of the budget that had been reduced sharply by 
OMB have now been increased by House Democrats, 
while the Ocean Margin Drilling Program was being cut 
The outlook for the program does not look bright. Further, 
passage of the NSF budget through lha Republican-domi- 
nated Senate may be difficult as well. The mood lo cut the 
program may dominate if support is not established — PMB 


Little Solar impact From Planets' Alignment 

Contrary to some projections, planslary alignments of the 
type that have begun recently (when the sun, Venus, Earth, 
Jupiter, and Saturn move Into almost perfect alignment) 
should have no perceptible effect on solar flare activity. 

Some researchers have postulated that the increased grav- 
itational attraction exerted on the sun by the aligned plan- 
ets could produce massive eruptions near sunspots. The 
radiation and particles directed earthward by ihe sun, ac- 
cording to this hypothesis, would change the atmosphere In 
a way that would slow the earth's rotation; and this change 
In rotation rate would cause the large plates which consti- 
tute Ihe earth's crust to grind together more vigorously and 
cause major earthquakes. Because Jupiter is the largest of 
the planets, and so exerts the most gravitational attraction, 

Ihls geophysical domino theory Is sometimes referred to as 
the Jupiter Effect. But, at least at the solar end of this the- 
ory, one would not expect much change In solar activity 
from planelaiy alignments of this type. 

'We may have major solar flares occurlng at about the 
same time as this planetary alignment,' explains Patrick 
McIntosh, oi the Space Environment Laboratory In Boulder, 
Colo., 'but (hey should have little or nothing lo do with (he 
fact that the planets are aligned.' This Is not lo say that 
such alignments produce no perceptible effect, he notes, 
but (hat Ihe effect Is a very small one. There Is some evi- 
dence that planetary positions may have some modulating 
Influence or sunspot number. But this apparent connection 
seams to pertain only to variations In sunspot number, not 
to the magnitude of solar activity. Certainly, planetary align- 
ment should not be considered a primary mechanism be- 
hind solar flares. 1 

The term, sunspot number, fs an Index developed aboul 
a century ago that counts all sunspots, then adds 10 times ’ 
the number of sunspot groups — thus if there were a single 
sunspot on the sun, the sunspot number would be 1 plus 
tQ Uiftes 1, or 11. ‘We llnd that sunspot number does nol 
correlate wail with tha Incidence of powerful flares, 1 McIn- 
tosh says. ‘For example, we've had a rather high sunspot 
count for this present. 1 1 -year oycle of sunspot activity, but 
wave had relatively few large Hares. The spots we’ve seen 
most are relatively small, relatively stable ones. Flare aclIVl- ; 
ly favors the larger, more complex sunspots. The rriost 
powerful flares In the Iasi solar cycle did nol occur when : . 

we were al our peak sunspot number.' McIntosh acknowi- ; 
edges that (he planets do produce (Ides on the sun by I he 
sweep of their gravitational fields but notes that the. effect (s, 
quite small. 'Solar tides caused by Ihe planets' gravitation 1 
attraction are measured In millimeters, 1 he says, 'compared, 
•lo the rather large tides caused by the moon and aun In our 
ocean and atmosphere. In fact# most solar astronomers 
would say the sun barely knows the planets are oui (here.’ ‘ 

(News con*, on page 164) r 
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(Nows com. from page 153) 

The planetary alignment that began March 25 and 
evolved through April 7 placed Saturn. Jupiter. Earth, The 
sun, Venus, and Mars In a rough line, a configuration prop- 
erly called ’syzygy.' About a year later, they will come Into 
a much rougher conjunction on Ihe same side ol the sun. 
But, according to McIntosh, this month's syzygy places the 
planets much closer to a common line, and would be the 
most favorable configuration for Ihe so-called Jupiter Effect 
to be fell . — PMB 5ft 

Voyager Status Report 

As the Voyager 1 spacecraft speeds away from Saturn, it 
leaves In Its wake a plethora of data for the team scientists 
to puzzle over. Although they still grapple with data Irom 
Ihe November 12 encounter, the team scientists have put 
together a report of their early findings. This report, pub- 
lished in the April f 0 issue of Science, was recently sum- 
marized al NASA headquarters by representatives of Ihe 
Voyager team. 

The analyzed data confirm soma earlier hypotheses 
(Ms, Dec. 2, 1980. p. 1201) and necessitate reshaping ol 
others. For example, the ‘spokes' in the B ring are probably 
explainable by Keplerlan laws, or so It was hypothesized 
Immediately after the Saturn flyby; magnetic forces also 
may be affecting the ring. But Titan was found not lo be Ihe 
largest satellite in the solar system. 

Saturn a rings, though complex, do not counter known 
aws ol physics, explained Bradford Smith, Voyager Imag- 
ing team leader. The problem, however, Is In applying the 
known laws. Tho apparent 'braiding' ol strands in the outer- 
most F ring remains a mystery, as doos tho mechanism by 
which the myriad rings and ringlets remain discrete. The 
satellite resonance theory proposed by Peter Goldrelch at 
JPL and Scott Tremaine at Princeton University seems to 
hold true (or many of the known satellites. However, the C 
ring s regularly spaced ringlots show no clear association 
with sale Ili to resonances. Smith added. 

Titan's atmospheric haze previously prevented accurate 
measurement ol the satellite’s size. Edward C. Stone, Voy- 
ager project scientist, reports ihai Titan's radius is 2570 
km, about the distance between Dallas and Boston The 
temperature at Titan’s surface is 93 » K; (he pressure is 1.6 
atmospheres. Stone said. Methane’s iripfe point— ihe tem- 
perature at which It can exist as a solid, liquid, and gas-is 
91 3 K. Therefore, if the atmosphere contained 5% methane, 
Stone explained, a methane Ice cloud would form 5-10 km' 
above Titan's surface. The o mount of methane in Titan's 
atmosphere is uncertain, however. 

Smith reported that the barely visible brightness differ- 
ence between Titan's northern and southern hemispheres 
may be related to the effects of the solslice. Titan shows a 
phase lag of 00 . or one-quarter of a year. Smith explained. 
Therefore, at the equinox the effects ol the solstice would 
be visible. Titan is just entering equinox now. 

Heavy cratering on many of Saturn's satellites may be 


Status of Voyager Spacecraft. April i. igsr 


Spacecraft distance from 
Earth, km 

Spacecraft distance to 
Saturn, km 
Spacecraft distance 
traveled since launch, km 
Spacecraft velocity 
relative lo Earth, km's 
Spacecraft velocity 
relative to sun, km s 
Date of Saturn encounter 
{closes! approach) 

Source: NASA 


Voyager I 
1.381,710,789 

2.430.281,184 


Voyager 2 
1.145,473.428 
138,129,314 
2.088.807,280 


Nov. 12. 1980 Aug. 26. 1981 



compwlnfl Saturn's F ring, are 

Men fn this photo taken on November 12. 1980. The F finals 
bqwided byiwo 'shepherding' satellites discovered by Voyager 1 . 
Scientists believe the gravitational effects oflhe two Umm mav 
confine particles in the F ring to a narrow band. In addition the * 
bfaJdlng structure of Ihe ring may be a result or the eccentric mo- 
tion of the tvro small satellites. Tha A ring and the Encfce Division 
are seen to the upper right. (Photo courtesy of NASA). 




Spokelike features In Saturn's rings are seen as bright areas In this Image taken by Voyager 1 on November 13 isrq whan ttm 
spacecraft was 936,000 km from Ihe planet's cloud tops. Where sunlight forward-scatters on the rings, the spokes eooear 
same features appear dark in backscattered light. In this view, the concentric structure In the fl ring Increases contrast anri S 
ales hundreds of light and dark ringlets. (Photo courtesy of NASA). 0 0CC8nt ' J ' 


the result of two bombardment periods, the scientists be- 
lieve. Most of the large craters {20 to 100 km) were formed 
during the first period, according to the hypothesis. 
Smoothing of the surfaces of the larger satellites was ac- 
complished with tectonic activlly, perhaps driven by radio- 
nuclides. The second bombardment period produced small- 
er craters. Material spewed into the Saturnian system dur- 
ing the first bombardment may have been responsible for 
Ihe second ’bombing.' One problem with this model, Smith 
said, Is that scientists are unsure what the driving force 
was that smoothed Tethya' surface, since the satellite is al- 


IIASA Energy Study Unveiled 

Masting the energy needs of Ihe world In 2030, when the 
projected population will be 8 billion, can be done, but not 
without International cooperation, a mix of energy technolo- 
gies, and an understanding of the dependence of re- 
sources and use. That's the optimistic conclusion of the 7- 
year gtobal energy study by Ihe International Institute for 
Applied Systems Analysis (IIASA). 

Results of the International study were published last 

S^rS 0 c V ? IUme8 ;,, ene/9y in 8 Flnlte Worid: Path8 to a 

Susto/iabte Future outlines the strategies IIASA believes 

companion volume Energy In a 
F mte World. A Global Systems Analysis presents the 
study s complete technical findings. 

According to Wolf Hflfele, leader of the Energy Systems 

re r S^rih Gr fh UP ^ IIASA,S conc,usi °ns are similar to those 

4 ' y8ar sludy done b y the National Academy 
o! Sciences Committee on Nuclear and Alternative Enerav 
Systems (CONAES) (Eos, Feb. 19. i960, p. 90 ) However y 
the results differ in the types of transition periods to tech- ’ 

SWEre?"* envi8lons °" s ™ Per,. 

pmnS 0) ' IIA ® A 8608 lwo ' The firet will last through 
oUhe 2^st certuT ,ranS, ‘ l0n " B ^ ' hr ° U9h ,he 0nd 

Q,obal p,,ma,y Ensw VSfcSz** S “ nfl,tos ' 197S - 

Hl 8 h Scenario Low Scenario 
^ marysourc^ W 75 2Q QQ m ^ mo 
Oil ' ■— 1 - 
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Oil 

Gas 

Coal 

Ught water reactor 
Fast breeder reactor 
Hydroefectrldty 
Solar* 

Other* 
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liquid fuel Is counted In coal figures ' M ^ 0 make synthetic 
•Columns may not sum ‘to to ShbeeuM C ? ^lm8rc,a, use 
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global nature of the energy 8tr8 sses the 
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suit only selectively. . . Buf a i2hH an f l y® 0 3 tend to follow* 
lead to dangerously mlrauldflrt? J? rovlnc,a,| sm can only 

• ■ , « man . other develop^ „ g | ohs ' are .\ 


most entirely Ice. Another problem is explaining the un- 
blemished complexion of Enceladas. 

Soon Voyager I’s sister craft, Voyager 2, will take the 
spotlight. Scheduled for its Saturn encounter on August 26. 
Voyager 2 will attempt to fill in gaps of Information lefiby 
Voyager 1. Specifically, the craft will take a closer look at 
Enceladas, the satellite Hyperion, and Ihe complex ring 
system. JPL’s Davis expects the programing of the experi- 
ment sequence to be completed by late May or early June 
He gave both craft a clean bill of health: Things are own 
according to plan .'— BTR $ 


The Initial, 50-year transition was chosen for four rea- 
sons that allow for technological and social change. Flrai, 
by the year 2030, IIASA estimates that the world population 
will double from Its present 4 billion — the steepest Increase 
ever. Second, 50 years is approximately two complete life 
cycles for power plants and energy facilities. Third, ths time 
period represents two human generations and the accom- 
panying social changes. Last, the time frame allows lor 
market penetration of advanced energy technologies. To 
expect a transition to a sustainable worldwide energy sys- 
tem within anything much less than 50 years would bale 
flagrantly ignore history,' according to IIASA. 

Increasingly dirty fossil fuels will be used through thefir? 
transition period, the IIASA report said. Global dependence 
— synthetic fuels and unconventional oils will Increase 
through 2030. Approximately 80% of the energy supp'wdr 
2030 will be from dirty fossil fuels, Hflfele said. There Isis 
way of partly escaping the dirty route,’ he added. The re- 
port states that sometime around 2000, large-scale coal li- 
quefaction will become necessary, although Hflfele couW 
not define the process most likely to be used. Joining 
faction In 2000 will be fast-breeder reactors, In IIASA's pfr 
tore. 

Two Benchmark Scenarios 

1 1 AS A developed two benchmark scenarios based on trie 
evel of worldwide energy demand — 'high' and 'tow.' Aa t- 
lustrated In the accompanying table, Ihe high scenario ra- 
llaa mostly on coal-lueled energy In 2030, while the low 
scenario relies almost equally on oil as on coal. Magna®" 
hydrodynamics and fusion energy will not significantly cofr 
tribute to global energy by 2030. 

Three alternative cases also were presented: a nuoaaf 
moratorium case, an enhanced nuclear case, and 
capita growth rate. In the last, global energy use Is resW 
0u to the present rate and requires extreme conserve** 1 
measures. 

Given the world situation and the history of noncoopj®, 
°J? ai ™ n 0 nations, Is the optimism expressed In they 
ustlfied? Although Hflfele said he agrees with the hettotj. 
Hne of the report — that energy needs oan be met withy 
resources— he is less optimistic about the needs MW 
met. He pointed to an Increasing dichotomy between tw 
perception of reality and reality Itself. The political attow 1 
economics, and the cold war could block the securing 
energy to meet global demands.— STAS • . . 
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Petroleum Data Available 

New geological and geophysical data associated with 
certain regions In the National Petroleum Reserve in Alas- 
ka (NPRA) are available to the public from the National 
Geophysical and Solar-Terrestrial Data Center. 

These data were collected and processed by several 
companies under contract to the U. S. Geological Survey, 
purpose of Ihe data collection was to evaluate the petro- 
leum potential of portions of the NPRA. 

Included In the available data are seismic data, well logs 
and gravity data through September 30, 1980. 

Inquiries on the fliers listed below should be addressed 
lo National Geophysical and Solar-Terrestrial Data Center 
NOAA/EDIS (D62), 325 Broadway, Boulder, CO 80303 
(telephone: 303/497-6826). 

flfer Number Subject 

1981 (SE-E) NPRA 10 Well Logs and Auxiliary Data (1979-1880) 

1981 (SE-D) NPRA Seismic Data (FY 1980) 

1980 (SE-NN) NPRA Gravity Data (1974-1980) 

1980 (SE-MM)NPRA Geological Data (FY 1979) 

1980 (SE-LL) NPRA Seismic Data (FY 1979) 

1980 (SE-HH) NPRA Common Depth Point (CDP) Reid Tapes ffl 

NRC Assoclateshlp Survey 

The National Research Council (NRC) wants to locate Its 
termer research associates and visiting scientists research 
associates to verify official records. The NRC also hopes to 
assess the effects of the research assoclaleship programs 
on career development. 

All associates should send their correct mailing address, 
dales ol tenure, and the name of the laboratory where the 
assoclaleship was pursued to F. A. Crump. Assistant to the 
Director of Assoclateshlps, National Research Council, 

2101 Constitution Avenue, Washington. D.C. 20418. $ 

Geophysicists 

John S. Dickey, Jr., has been appointed chairman of the 
geology department and Jessie Page Heroy Professor of 
Geology at Syracuse University. He will leave his post as 
director of the petrology/geochemistry program In the Divi- 
sion of Earth Sciences at the National Science Foundation 
lo begin his duties at the university on July 1 . 
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New Publications 


China Science and Technoloqy 
Abstracts 

HnnnS nal * c C l^ ra Technolo 9y Information Service, 
Hong Kong, $5.00 per issue. 

Reviewed by Carl Klsslinger 

« Jll e + Ob ui OUS , purpoS0 Df a r8v,0W of a new abstract jour- 
nal Is to bring It to the attention of potential users and offer 
some laea of the scope of the contents. I was sent Volume 
, Number 2. October 1980, and, If it Is typical, Ihe publica- 
tion will be of definite value to many readers of Eos. The 
stated purpose of the journal Is 'to give them (l.e., scientists 
outside of China who cannot read the Chinese language) 
an outltoe of the latest development of science and technol- 
ogy in China.' From the sample I examined, the ournal 
achieves this purpose admirably. Sixty-nine 'highly reputed 
Chinese periodicals’ provided the material for the particular 
Issue. The claim that each issue will contain about 500 ab- 
stracts seems exaggerated, since many of the entries are 
"ties only. However, even these serve to give a feeling for 
the main lines of current research Interests, and many of 
the real abstracts are sufficiently long and detailed to be 
useful as sources on research results (though without the 
supporting data). 

The abstracts are classified under major disciplinary 
headings, with appropriate subheadings; mathematics, as- 
tronomy, physics, chemistry, earth science, engineering 
physics, mechanical engineering, electrical and electronic 
engineering, architecture and civil engineering, transporta- 
tion engineering, technology of industrial chemicals, and 
other branches of engineering. The classification of the pa- 
pers under these headings is fairly arbitrary. Material of In- 
terest to various sections of AGU is scattered throughout, 
but most relevant material Is naturally found under astron- 
omy, physics, and earth science (an entry on acupuncture 
signals in cerebral cortex under "astronomy” is a ralher 
startling slip). The earth science section is further divided 
by topics ranging tram geodesy and geophysics, through 
geodynamics (Internal and external), to oceanography, hy- 


drography, meteorology, petrology and geochemistry, and 
economic geology. 

China Science and Technology Abstracts is especially at- 
tractive as an Information source because the publisher of- 
fers copies of the original articles ($0.50 per page), English 
translations ($10 per 100 English words), and extended 
English abstracts (roughly one-tenth the original length, at 
$15 par 100 English words). The quality of the English lan- 
guage In the abstracts I read Is quite good so that one can 
ba optimistic that the translations offered will be satisfactory 
with regard to readability. 

Carl Klsslinger la with the Cooperative Institute for Re- 
search In Environmental Sciences, University of Colorado 
at Boulder, Boulder, Colorado. 

New Listings 

Items listed In New Publications can be ordered directly from the 
publisher; they are not available through AGU. 

Advanced Chemical Methods for Soil and Clay Minerals 
Research, J. W. Stuck!, W. L. Banwart (Eds.), D. Reldel, 
Hlngham, Maas., vlll +■ 477 pp., 1980, $58.00. 

Archean Greenstone Bells, Developments In Precambrfan 
Geology 3, K. C. Condle, Elsevier, New York, 434 pp., 
1981, $122.00. 

A Climatotoglc and Oceanographic Analysis of the Georges 
Bank Region of the Outer Continental Shelf, Final Roport 
lo the Bureau of Land Management, U.S. Department ol 
the Interior, U.S. Department of Commerce, NOAA, x + 
290 pp., 1980. 

The Primordial Bond: Exploring Connections Between Man 
and Nature Through the Humanities and Sciences. S. H. 
Schneider and L. Morton, Plenum, New York, xii + 324 
pp.. 1981, $15.95. 

United States Earthquakes. 1978, C. W. Stover and C. A. 
von Hake (Eds.), U.S. Department of the Interior and 
U.S. Department of Commerce. Boulder, Colo, vri + (12 
pp.. i960. 
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Two Winter-over Positions In Antarcti- 
ca. Two positions d(t) favdlldlrle to LUllllu>'l 
tlflc measurements in Antarctica ol the earth's high 
atmosphere. These persons will winlBr-over at 
Siple and South Pole stations In 1982. 

One position will be as engineer-scientist at Siple 
Station, Antarctica. The primary responsibilities ol 
this position will be the operation and maintenance 
of a High Frequency (100 kHz to 30 MHz) vertical 
Incidence radar system and a sophisticated optical 
experiment conducted by the LockhBed Palo Alto 
Research Laboratory. The radar system is a 10 kw 
Ionospheric sounder using the taleBt techniques ol 
RF and digital electronics: real-time control ol the 
transmitter and receiver and Initial data processing 
are handled by lwo micro-computers which are In 
turn controlled by a disk-based minicomputer sys- 
tem. Minimum requirements for this position are a 
B.S., practical experience In digital and analog 
electronics, and experience with computer Mil- 
ware. 

The second position will be as a field engineer al 
(he South Pole Station. Antarctica. The applicant 
will ba responsible for the operation and mainte- 
nance of a variety ol upper atmospheric research 
experiments. The experimental apparatus Includes 
riometers, photometers, an tonosonde, magnetom- 
eters end an all-sky camera. Minimum require- 
ments are a B.S. or equivalent practical electronics 
experience. 

The period oi employment la expected to run 
from late summer 1981 to February 1983 (with a 
possibility of extension depending on available 
funding); both positions require that ths applicant 
be resident at the South Pole or QIple during the 
Antarctic winter. Successful applicants will undergo 
periods ol training at Utah Slate University. Lock- 
heed Research Laboratory, and ihB University ol 
Maryland. 

Applicants should submit a resume and request 
three letters ol reference be sent by IB MBy 1981 
to F. T. Berkey and J. R. Doupnlk, Canter tor Atmo- 
spheric and Space Sciences. Utah State University. 
UMC 34, Logan. Utah 84322. Telephone (801) 
760-2982. 

USU Is an equal opportunity employer MfF, 

Structural Geologist. The Department ol 
Geophysical Sciences Invites applicant for a ten- 
ure kack etructoral geology position at ihe assistant 
or associate professor level, beginning August 
1981. Ph-D. required. Salary commensurate with 
experience and qualifications. ' 

Departmental equipment Includes a digitizer, vari- 
ous geophysics equipment, and a remote- sensing 
laboratory with an edgewise enhancer. The crtfxfl- 
date will have the opportunity to substantially add 
to hla or her equipment needs. PreseiM ccHTtpuler 
facilities Include a DEC 10 end IBM 3 BO-44, whrie 
PK 3240-syetem with 18 megabyte papadty le un- ■ 

der development. • . • !v. - ■ 

‘ ODU Is a stale-supported university senrtng near- 
ly 1 6,000 students and la situated vrtihln^ sewn- 
dty Hampton Roads metropolitan area ^ na- 
tionally known for Re historic, recraaibnefi and cul- 

^SendrtM.' a brief, discussion olreaearchlnler- 
est. and arrange to have three laBeiaof 
by May 1, 1981 to Dr. Dennis A. 

Department of Geophysical Sciences. Old P 0 ^’ 
Inn I InhMreftv. Norfolk. VA 23508. 



Rljksunfversltelt Utrecht 

The subfacully of Geology and 
Geophysics at the State University 
of Utrecht (the Netherlands) invites 
applicants for the position of 

LECTURER 

(wetenschappelijk (hoofd) medewerker) M/F, 

in the workgroup Exploration Geophysics, which is a part of 
the Department of Geophysics of the Solid Earth. 

Candidates should have experience for at least four years, 
shown by successful surveys or publications in at least one 
of the following fields: 

1. electric (including electromagnetic) prospecting, 

2. telluric or magnetotelluric Investigations, 

3. interpretation of electric and nuclear well logs, and 

4. prospecting by the self potential and the Induced polar- 
ization method. 

The duties include teaching (in English or Dutch) of courses 
In electric prospecting methods and the supervision of prac- 
tice and fieldwork. The lecturer is expected to conduct re- 
search in a field related to his experience, by preference in 
the field of physical and petrophysical foundations of well log 
Interpretation or on the application of magnetotelluric meth- 
ods to exploration problems. 

It concerns a temporary appointment for four years with pos- 
sibility for tenure after that period. 

Salary, depending on age and experience to a maximum of 
7286,-DFL. 

Candidates are requested to submit their application, includ- 
ing a curriculum vitae and a list of publications within three 
weeks after publication to 

Personnel Department 

Institute of Earth Science Utrecht 

Budapestlaan 4 

3508 TA Utrecht 

The Netherlands, hr. 145.001. 
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Director 

CIMAS UNIVERSITY OF MIAMI 


Tho University ol Miami is soarohing tor a director of iis Cooperative Insiiiuto for 
Marino and Atmosphoric Studios CIMAS was ostabllshed In 1977 by thB University 
of Miami and tho Environmental Research Laboratories ol tho National Oceanic and 
Atmospheric Administration to aorvo as A total point for comprehensive research on 
specific probloms of tho ocean and atmosphere. 

Present rosoarch Is conconlrotod In threo areas: 

1. Oceanic variability on climatic scales 

2. Sediment Dynamics 

3. Ecological Modelling 

The director should have a notional and international scientific reputation in one 
ot these three research areas end take an active interest in each of (ham. 

The successful candidate will also receive an appointment as professor In one of 
the sdontific divisions of (ho Rosenstlel School of Marine and Atmospheric Science 
of the University of Miami. 

The term of (he director of CIMAS shall normally be five years and Is renewable. 

Applications Including a current professional resume and three references, and 
further information should be son! lo Dr. Warren J. Wiaby. Chairman of the Search 
Committee tor Director ol CIMAS, University of Miami, Rosensttel School of Marine 
and Atmospheric Science. 4600 Rickenbacker Causeway, Miami, Florida 33149. 
Nominations and applications desired by June 15. 1981. Position will remain open 
unlit filled. 

An equal opportunity 'aJflmtaUve action employer. 


Structural OsologyUnlvar Blly of Illinois at 
Chimpalgn>Urbana. Tim Geology Deportment 
is seeking a aliiictaral geologist for a tenure- track 
(assistant professor} faculty position A Ph D. >9 re- 
quired Salary open. Trio successful candidate will 
bo expected to teach advanced undergraduate and 
graduate) courses in structural geology And ostau- 
lish a research program. For oqual consideration, 
applications. Intruding tho names of itiren refer- 
oncei. shoukj bo son! hy August 1. ISO) to Or □ 
U. Anderson, UopEUtrcont ul Geology. Unwoftty ol 
mmols. 245 Natural History Ouifdmg. 1301 West 
Green Street. Urtj.ina. IL. 0*501. (217} 33 J 6713 
Portion to be lined by 1-1-62 
The University ol mmols is an affirmative action, 
equal opportunity employer. 


Teotonophyatos. Seek half-time visiting pro- 
lossor lor tho academic year IB81-62 lo leach 
course In regional tectonics and seminar ol own 
choosing. Appointment Is for hall- lime lor entire ac- 
ademic year or full lime for either fall or apring se- 
mester. PhD. required. Rank and salary nogotla- 
blo. Inquiries to: Paul C. Mess, Chairman. Depart- 
ment ol Geological Sctonco's, Brown Unlvorally, 
Providence, ft 1 02612. Deadline lor applications is 
May 31. 1081. 

An aqua! opportunity and aAlimoiive action em- 
ployer. 


Associate Proles ear. Now Mexico State 
Unlvorally. Geophysics At NMSU is on interdisci- 
plinary program between the Department of Phys- 
ics and the Department of Earth Sciences with an 
emphasis in o«ptoMlon geophysics Wo aio •seek- 
ing art additional lonuro track faculty niembor with a 
background in Mho* seismic 4 ) and seismology or 
electrical and eloctromnqnol c methods The suc- 
cessful candidate *i'i bo expected to tench upper 
d*i 9 ' 0 n And graduate courses, conduct research 
and ro supervise gradualo students' thosn and ifrs- 
Bailat;on rasca/ch in tha wind’date » area o( exper- 
tise The appointeo wii also bo expected to teach 
freshman and sophomore level cours«9 In oither 
physics or geology 

Wwrmim quaificfliions incfado an earned doctor- 
ate in goophysics or a closely related area and 
demonstrated research capan.Mios Teaching o«po- 
rtence and a proven ability lo secure research land- 
ing are devrabto but mat essential. 

The expect e-i sa'ary range for fruspos-tion is 
$26,000 -528.000 tor the nmo-mpnlh academic 
year 

Appi.cations and letters from at least three rater- 
encos should be subm.tted by May 15. 1981 to ei- 
ther Dr Russell E Cemons. Head. Department of 
Earth Sciences. Box 3AB or Dr. August M;tf er. 
Head. Department ol Ptvyvcs. Box 3D. Las Cmces 
NM 08003 

Mew Mexico Stare Un.vers ty is on aff-rmative ac- 
ton equal opportunity emp'Oyer. 


Profeaaor'OeBanography. The Department of 
Oceanography of Texas A&M University invites ap- 
plications lor an academic faculty position. The ap- 
pointment is expected lo be made at the level of 
professor in one ol the major sections ot the De- 
partment— biological oceanography, chemical 
oceanography, geological and geophysical ocean- 
ography, or physical oceanography. 

Hence, applications are solialod from Individuals 
who have demonstrated scholarship In research 
and teaching in any oceanographic subdiscrpllne. 
Outstanding applicants suitable for appointment lo 
academic ranks olher than prolessor will also be 
considered, but preference will be given to appli- 
cants suitable for appointment to the higher ranks. 

To apply, or for further Information, please con- 
tact Prolessor R 0. Reid. Head, Department of 
Oceanography. College Station, TX 77843 <713/ 
845-7211) 

Texas ASM University ig an affirmative action' 
equal opportunity employer. 


Proto nor Chemlo el Oceanography. The 

Department ol Oceanography ol Texas ASM Uni- 
versity invites appi -carons for an academic faculty 
posit-on The appo-nlment 19 expected 10 be made 
at the level of professor. 

Hence, applicators are solicited from individuals 
who hare demon strated scholarship in research 
and teaching Outstanding applicants syllable for 
appo-fltmem to academic ranks other than proces- 
sor vrtf a 1 so be cons-dered. but preference will be 
given to applicants suitable tor appointment 10 the 
higher ranks 

To apply, or tor further information, pfease con- 
tact Professor R Q Retd, Head. Department ol 
Oceanography, College Station. TX 77843 (713 
845-7211} 

Texas ASM University 19 an affirmative action 
equal opportunity employer. 


■xploratlon QeophyalelebUnlveralty of 
Oklahoma. The School of Geology and Qeophys- 
ics el the University ol Oklahoma yiM Wte an expo- 
nenced exploration geophysicist to fill (he Frank 
end Belly Schulte Professorship. and le seeking 
nominations and applications lor the position. The 
person must be 9 distinguished scientist who has 
made important contributions to exploration geo- 
physics through research. Preference will be given 
to a scientist whose specialty is seismic properties 
ot earth materials and who has eamBd thB PhD. 
The Schultz Professor will provide leadership and 
guidance In establishing a quality teaching and re- 
search exploration geophysics group. The Universi- 
ty ol Oklahoma has recently made a strong com- 
mitment to the earth sciences with the establish- 
ment ol a College of Geoscfencas, lo be housed In 
a new building. The School of Geology and Geo- 
physics will expand from Ha present faculty 0 ! 16 lo 
28 faculty members by 1688. This will include three 
sc-enUsts in the exploration geophysics area, five In 
sbu cture-tectonophyslca-solJd earth geophysics end 
others in stratigraphy- paleontology, gBochamlsiry- 
petrotoqy, and energy resources. 

Applications are dua April 30. 1681. Inquiries, 
nominations, and applications should be sent to 
John Wickham, Director, School ol Geology and 
Geophysics, University ol Oklahoma, Norman, OK 
73016, 

The University ol Oklahoma Is an equal opportu- 
nity employer. 


GeoMono 10 


The 


Upper 
Atmosphere 
in Motion 


A selection of papers with 
annotation by C.O. Hines 
and colleagues 


*1,039 pages ^illustrated 
* Catalog number GM 1000 


Frinvwriy through Iht? works of om» of the field's mubl prominent 
pioneers, this volume tr.iC.es our undors ton ding of the tipper atmos- 
phere. 

Included are 44 papers discussing the upper atmosphere, iono- 
sphere, magnetosphere and areas of atmospheric dynamics that are 
influenced by gravity and hytlromagnelic waves and motions. Fully 
indexed hy author and subject. 

♦Usl Price $22.00 *20% discount to AGU members 
Orders under $30.00 must be prepaid 

Order from: American Geophysical. Union 
2000 Florida Avenue; N.W, 

Washington, D.C. 20009 , . 


Paleontologist- Seek hati-llma vtafltofl protea- 
sor for academic year 1081-82 to leach introduc- 
tory course in paleontology and seminar of own 
ctwosing. Appointment Is for half-time lor entire ac- 
ademic year of full time for fell aameater. Ph.D. re- 
quired. Rank and salary negotiable. Inquiries toi 
Paul C. Heaa, Chairman, Department of Geological 
Sciences, Brown University. Providence, Rl 02912. 
Deadline for applications Is May 31, 1BB1. 

An equal opportunity and affirmative action em- 
ployer. 


Visiting Assistant Professor. One-year, 
temporary position available August 19B1 to teach 
mineralogy, general geology, and perhaps optical 
mineralogy- The successful candidate will be re- 
quired to teach three courses during a two-aemes- 
ter year; someone who enjoys teaching Is needed. 
Persona on leave are encouraged to apply. Dead- 
line for applications Is April 17, 1981- Please send 
resume to David Krinsley, Department of Geology, 
Arizona Slate University. Temps, AZ 85281. 

ASU Is an equal opportunity employer. 


Peiralogy/aeaehsmfetry, University of 
Now Brunswick. The Department o( Geology 
has a tenure track position available from 1 July, 
1981, al asalsianl professor or higher level. The 
successful applicant will be expected to teach both 
undergraduates and graduates as well as carrying 
out research and supervising graduate students. 
This position Is in addition to ana currently adver- 
tised for a rock mechanic or geochemist. 

The applicant Bhouid have a background In pe- 
Uochemlstiy and petrology and should be prepared 
to (each In some aspects ol petrology and geo- 
chemistry. The successful applicant will be respon- 
sible tor supervision of analytical facilities Including 
an X.R.F. 

Applicants should havB a Ph D. and preferably, 
post doctoral experience. Applications Including a 
curriculum vitae end names ol three referees 
should be sent to P. F. Williams, Chairman, Depart- 
ment of Geology, University of New Brunswick, 
Fredericton, N.B E3B 5A3. 


Texas Tech Unlvaraltyi Faculty PoaI> 
tlont. The Departmenl of Geosciences Is seeking 
applications lor additional faculty members In geol- 
ogy, geophysics end geochemistry; applicants from 
all fields of geology olher then paleontology will be 
given serious consideration. 

These are tenure track positions at the assistant 
professor level with appointments starting Septem- 
ber 1, 1B81. 

Applicants muBl have completed their doctoral 
programs, be Interested In leaching at both tha un- 
dergraduate and graduate levels, and have specific 
plans for research In (heir Helds of specialization. 

Applicants lor the positions should submit re- 
sumes, the names ol at least three persons from 
whom the department may request letters of rec- 
ommendation, and brief description of research in- 
terest to: 

Donald R- Haragan, Chairman 
Department ol Geosciences 
Texes Tech University 
P.O Box 4tD9 
Lubbock, Taxes 78409 

Texas Tech University ta an equal opportunlty/al- 
flrmattve action employer. 


Faculty Position In Ooeanography/Qoolo- 
gyi University of Northern Colorado. The 

Department ol Earth Sciences Invites apotications 
lor 8 full-time, tenure irack faculty position In 
oceanography, starting September 1981. We ara 
Making a person with a broad background (n 
oceanography and one or more or lha related earth 
6dsnca fields such as marine geology and/or sad- 
Imantology. Major responsibility will be teaching be- 
ginning and advanced courses In oceanography, 
cowans In the related lleld, and general education 
courses. A modest amount ol research 18 possible 
end le encouraged. Applicants should possess tha 
Ph.D. degree or bo In the final stages of completion 
ol (hat degree. Sterling rank and salary will dBpond 
on experience and other qualifications o( lha candi- 
date selected. 

Applicants should sub mil a resume and at least 
three letters ol recommendation to Dr. L. Glen 
Cobb, Chairman, Department ol Earth Sciences, 
University ol Northern Colorado, Greeley, CO 
80639. 

The deadline for application Is May 10. 


Hydrogsologlst, Applications Invited lor a per- 
manent (acuity position. Tha position requires a 
Ph.D.. leaching at graduate and undergraduate lev- 
els, supervision ol research, and research In area 
of specialty. Interaction wlih faculty In surface water 
hydrology, stable-isotope geochemistry, geophys- 
ka, and sedimentary geochemistry Is expected. 

Candidates should send resume, statement ol re- 
search fnieresl, and address 03 of three relerenoee 
to u p. McGInnlB, Chairman, Department ol Geolo- 
gy, Northern Illinois University, DeKalb. IL 80115. 

An equal oppoitunlty/affirmativa action employer. 


Almoepherlo Sclent la t/Radl at Ion Phy.l- 

Current Applied Research and Systems ac- 
JJJjJ a®aJ 3 C,68lWl lmmBdl018 openings In the fol- 

’■ Spoclroscopy, Radiative Transtar and At- 
mospheric Sciences (1 Position). Requires to 
work an the general circulation modeling ol 
stratosphere. 


'SSr**- - 'ioXS 

oPhD ?n roKS, Cfl ^ alea must have M.8. 


NORTHWEST 

PIPELINE 

CORPORATION 


One of our rapidly expanding 
subsidiary companies. Involved In 
the Improvement of pipeline 
technology, has immediate 
openings for the following In our 
Salt Lake City, Utah officer 


PROGRAM MANAGER 

The candidate we seek will be of 
either NASA or DOD background, 
familiar with airborne radar 
operations and geotechnic studies. 
Responsibilities will include mission 
planning, mission operations, 
system maintenance, and system 
upgrading of remote sensing 
platforms. The selected Individual 
will be a Physicist or an Electrical 
Engineer with a Ph.D., or 
equivalent. Requires at least five 
years experience. 


STAFF SCIENTIST 

The candidate we seek will be of 
either NASA or DOD background, 
familiar with Imaging radar data 
produced In the Arctic and other 
remote sensor data. 
Responsibilities will include 
Interpretation of data produced by 
remote sensing platforms. The 
selected individual will be a 
Physicist or Geophysical Scientist 
with a Ph.D., or equivalent 
Requires at least three years 
experience. 


If you are Interested in this highly 
progressive company, offering an 
excellent salary and company 
benefits, complete with a 
relocation package, please send 
your resume In complete 
confidence to Lynne Petersen, 

P.O. Box 1 526, Salt Lake City, 

Utah 84 HO. 

An equal opportunity employer m/f. 


NORTHWEST 

PIPELINE 

CORPORATION 


Bolomologlati University of Utah, The Uni- 
versity ol Utah la expanding tte gsophyslca program 
In tho Departmenl ol Geofogy and Geophyates by 
adding a tenure track faculty member In 
at lha assistant to associate professor level. Apf- 
oante with backgrounds and specialities In astsine 
Imaging and theoretical aelemotogy will be giv- 
en preference. The Individual will be expected » 
teaoh undergraduate and graduate courses, ano® 
pursue an active research program with graduate 
studente. 

Tha department has modern teaching and re- 
search programs In geology and geophysics, era 
has close associations with the numarical lanwj" 1 
and data processing groups in computer eaerv*, 
electrical engineering, and mathematics- The gw- 
physics component ol tha department has strong 
research and teaching programs In electrical 
electromagnetic methods, thermal properties'’ 1 
earth, potential fields, and aelsmoiogy- Curreoi 


search In seismology Includes: earthquck* re- 
search Utilizing a new PDP 11/70 computer: rn°™- 


uiaumy a now rur i “vT. - rC oU- 

torlng ot the Intermounteln seismic belt by a 
lion telemetered network utilizing a nevv on-nr^, . 
PDP 11/34 computer; major experimenls In 
refraction and reflection profiling lor cniBtei sim 
tore, and allied research In leetonophyelcs 01 


mountain building. „ . 1fla1 

The closing date for applications le May 1 , 1 
and the appointment data la September jwi- _ 
However, the search may be extended It a sup 1 
candidate Is not selected, In which case app*» 
tor a one-year visiting position (or the ecaoom 
year 1981-82 will also be considered. 

A Ph.D, Is required for this position- uj. 
Applicants Bhouid submit a vita, ban^P®- 
tar dflBcrthlna his/her ramarch and _ : ml Ail 


ter describing his/her research end teacnins : 
and names of five persona far reference, cws. p 
persons should send their applications i° 

Nash, Chairman, Department of GeotoW ai J® 
physics, University ol Utah, Salt Lake City. uw 

University of Uiah le an equal opportunHytefti^ * 
tiva action employer. 


Purdue University, A tenure track aPP°Ji„ ; 
ment In the area of surveying. and mappflJ; V,-. : 
graduate teaching In the areas of basic wnreyv. , 
adjustment computations, and introductory 
grammetry/photo interpretation; Involve ment 
toaohlna graduate level courses, and In pstn* 


a^J*- s p > s! Anand • 

1 ^S fl ^ , ?^' andS 7« am8 '' 


"Sufetsb .1..- • 

•\' ^ ^Lando var) Mp 20785. t 
. ; ' . ?«?l^'j301)4M : 8442' .V 


taaohlng graduate level courses, and m pwm"'* 
and new research programs. J1 .. ao ^ a 
^ Preferential conakteratlon to oandkfalM 1 • 

Ph.D, and land aurveylng registration 
Ptopesa of getting euOh degree and 
rank and eatery are open end depend on me 
fiance aqd qualifications of tha applkanl, • • , 
. .aehdreeumee, by 15 April 1 981; to HWd^ 
SithocVof dvtl tpiipeering, Purdue Untvo™ 1 ^’' 
Wpel urgyette IN 47907. 1 * ■ .U'acffpi* 

I «n equjjil opportunlty/aWrmetNfl 

emo ' J ' ' ' 


KMdi north peaouroee Branch, NASA / 
Sard Bp-oe Fllflht Center. GS-1330- 
£37871-850,1 1 2 per annum, lull-lime par- 
Lpnant The Earth Survey Applications Division, 
iunilcations Directorate. NASA/Goddard Space 

r.„iiA. Dnr,lb>af Innn tnr Ihn nnnrt 


FHont ceniBf 

oasMon ol Heed. Earth Resources Branch. The 
Eaimtant ol this position Is responsible tor planning, 
managing- and conducting broad programs in 
1 ... ... Amnia RAnnina hnnlc and aon lad 


rt«archand data analysis, emphasizing the devel- 
opment and demonstration of applications ol remote 
sensing of earth resources Irom earth orbiting satel- 
lites. The primary areas ol research in the Branch are 
land use management, vegetation sciences Indud- 
Ing aoriculturWloreatry/rangaland and environmental 

monitoring utilizing remotely sensed data and ad- 
vanced technologies. Also, significant effort Is dadl- 
cated to sensor data avaluatlon In tarnM of appll- 
cdiiona and scientific utility, and to specification of 
date acquisition and Information extraction systems 
ditch bBBt meet user actentillc and resource man- 
agement needs. An advanced degree in earth or 
physical sciences Is required with education In the 
vegslation sciences, tend use or environmental mon- 
lioring being specifically preferred. Candidates 


yivuiu "M.v — • — — - # • w ' 

more responsible experience In lha conduct, guid- 
ance end management of remote sensing research 
programs end deer evidence ol a strong research 
background Indicating senior research scientist stat ure. 
HesumesiSF 17 Va should be sent to: 

Dr. Robert D. Price, Assistant Chief 
Earth Survey Applications Division 
Code 920 

Goddard Space Flight Center 
Gceenbalt, MD 20771 

Deadline lor applications Is April 30, 1981. 

University of Hawaii. The Hawaii Institute of 
Geophysics end (he Department of Geology and 
Geophysics ol the University of Hawaii Invite appli- 
ceiion tor tenure track positions available July 1, 
t9SI. Applicants with specialties in any of tha fol- 
lowing flBlda will be given consideration: 

1. Marins geophysics with emphasis In marine 
gravity and tectonics 

2. Marine seismology 

3. Marine magnetics 

Applicants should have a Ph.D. degree and a 


demonstrated ability to conduct and promote ma- 
rina research. Ability to teach al all levels Is re- 
quired. Tha position win be a joint ora on an 11- 
month basis between the Hawaii Institute of Geo- 
physics and tire Department of Geology and 
Geophysics. The appointments will be at the rank 
Of assistant professor. 

Apply with resume and names of thraa refer- 
ences to Charles E. Helsloy, Director, Hawaii Insti- 
tute of Geophysics, University of Hawaii. Honolulu, 
Hawaii 98822. Closing date la May 15, 1981. 

Tha University of Hawaii la an affirmative action 
and equal opportunity employer. 

Chamlc«l Ooea nography/M arlna Qeochemli- 
try. Anticipated faculty opening at Florida state 
University. Applicants from all spedaltiea wel- 
come— preference to candidates who enhance ex- 
isting programs In marine and atmospheric chemis- 
try sedimentary geochemistry and radlocheml 9 try. 
Contact ChalrmaiwChemfcal Oceanography 
Search Committee, Department ol Oceanography, 
The Florida Slate Unlvorally, Tallahassee, FL 
32308. Telephone 9041844-6700. 

Meteorology Studies Program Coordina- 
tor, The University of North Dakota anticipates of- 
fering an undergraduate degree in Meteorological 
Studies beginning the (all semester 1981. This pro- 
gram will be very applications oriented, and will In- 
clude courses In dynamics, synoptics, radar meteo- 
rology, cloud physics meteorology, end lorecsttlng 
among others. This co-sponeored program requires 
40 hours for a major, plus twelve hours ol calculus 
and twelve hours of physics, and will utilize to a 
great degree the research staff and facilities in the 
co-sponsoring departments ot aviation and geogra- 
phy. 

The coordinator's position will Include general 
overall administrative responsibility lor the program 
on a day to day basis, teaching of courses In syn- 
optics. dynamics, and radar meteorology as well as 
being the primary student advisor lor the program. 
Additionally, the position offers on excellenl oppor- 
tunity to be Involved In research associated with the 
department of aviation's multi-year, multi-million 
dollar research contracts. Facilities Include a Cita- 
tion II Jet cloud physics aircraft, a Cheyenne turbo- 
prop research aircraft, a Blanlk glider, a 5 cm digital 
weather radar, and a dedicated computer facility. 


The position Isa 12 month non-lenured appoint- 
ment within the departmenl of aviation beginning t 
July 1981. Tha position requires a Ph.D. In meteo- 
rology and a strong background in teaching. A spe- 
cialization In radar meteorology Is preferred- Salary 
is commensurate with experience (825.000- 
835.000). 

The Departmenl has experienced phenomenal 
growth In academics and research ihoBO past 
ysaiB, and encourages applicants to send their re- 
sumes by 1 June 1981 to: Dr. Patrick J Brady. De- 
partment of Aviation, Box 8216— UnlvarBlty Station. 
Grand Forks, ND 5B202. The University ol North 
Dakota offers an attractive benefits package, retire- 
ment plan, and excellent working conditions. 

UND is an equal opportunity employer. 


MARINE RESEARCH 
ASSOCIATE II. 

Analyze and Interpret vertical 
acoustic travel time and pressure 
data. Prepare progress and data 
reports. Assisi in planning experi- 
ments, Instrument design modifi- 
cations, Instrument preparation, 
and at-sea deployment and re- 
covery operations. Develop em- 
pirical and dynamical models lo 
be evaluated using EPOCS data. 
Ph.D. in physical oceanography 
plus experience in computer pro- 
gramming (applications) and 
FORTRAN. Submit resume by 
May 31. 1981 lo Dr. Mark Wlm- 
bush, Watkins Building, Bay 
Campus. 

UNIVERSITY OF RHODE ISLAM 
Kingston, Rhode Island 02881 

An affirmative actlon equal opportunity 
employer, m l. 


EOS, vol. 62, no. 15, April 14, 1981 IB7 


PoetdootoraLRoaearoh Associate Posi- 
tions, Tho Johns Hopkfris University, Ap- 
plied Physios Laboratory. Positions are avail- 
able for studies ol magnetospheric-tonospheric cou- 
pling. hydromagneilc waves, and plasma 
instabilities In the lonosphore and magnetosphere. 
The Baiocied candidates will participate in tho anal- 
ysis end interpretation ol data Irom spacecraft and 
ground-based radars as wall as In the develop meni 
and Implemaniatton or now ground-based and 
spacecraft studies. Positions are for one year and 
era renewable. Tenure may begin at any lima 
through September 1. 1681. Applications should be 
addressed (o Mr. Slevon F. Sayre, Dept. ADI- 15. 
The Johns Hopkins University, Applied Physics 
Laboratory, Johns Hopkins Road. Laurel, MD 
20020 . 

An equal opportunity employer, m. f. 


MARINE RESEARCH 
SPECIALIST II. 

Perform chemical research on or- 
ganic pollutants in marine sam- 
ples. Collection, preparation, and 
chemical analysis of samples. 
Candidate must have B.S. or 
M.S. degree and be familiar with 
gas chromatographic methods Tor 
the analysis of synthetic organic 
compounds in samples ol water, 
sediment, and organisms. Knowl- 
edge of field sampling techniques 
would be helpful. Submit resume 
by April 30, 1981 to Dr. James 
G. Quinn, Graduate School of 
Oceanography. 

UNIVERSITY OF RHOOE ISLAND 
Kingston, Rhode Island 02881 

An affirmative acllorrequal opportunity 
employer, m/f. 


Meetings 


Pacific Energy and Minerals 

A call lor papers has been Issued for the Third Circum- 
Paclflc Energy and Mineral Resources Conference, sched- 
uled for August 22-28, 1982, in Honolulu, Hawaii. Theme 
of Ihe conference Is 'Resources for the '80’s.' 

In addition to the regular conference sessions, preconfer- 
once workshops will be held on August 21-22. A precon- 
ference symposium on August 20 on Energy Research in 
Iho Circum-Paclllc Region will be sponsored by the Interna- 
tional Union of Geological Sciences. Geological field trips 
and lours to olher Hawaiian Islands are slated for the week 
after the conference. 

Abstracts for oral and poster papers should be received 
by January 1 , 1982. Names of the appropriate program 
chairmen who should receive abstracts can be obtained by 
writing to Allen Mabra, Vice President for Exploration, 

ARCO International Oil and Gas Co., 515 South Flower 
Street, AP-4985, Los Angeles, Ca 90071. 

To receive complete conference details, reservation 
orms, and travel Information, contact the AAPG Conven- 
Department, P.O, Box 979, Tulsa, OK 74101 (tele- 
phone 918/584-2555). 88 

totornatlonal Groundwater 

A symposium entitled 'International Groundwater— The 
■™se and ate Problems,' is scheduled for May 13 and 
1 n New York City. Organized by the American Society of 


AGU Midwest Meeting 

September 17-18 
Minneapolis, Minnesota 

Abstract Deadine: July 1 
Convenor: V. Rama Murthy 

Japsrs and posters originating In or pertaining to 
slon?- are so " c ' ted ,or following special sea- 

n** sfruefc/re and dynamics. Contact Geoffrey 
u avlea or Clem Chase. 

anrim 1 Water faieractlons: Hydrothermal processes 
wmallogenesls. Contact William Seyfrled. 
can rt?? Wan crusta! evolution of the North Amerl - 
gS™* Contact Paul Welblen. 

b| r Baner)ee 0tem ^ P ate0ma 9 n9tl8m ‘ Contact ® u ‘ 

H ,n lhe ^Id-continental U.S. Contact 

fannkuch or E. C. Alexander, Jr. 

Abstracts , 

l3 U |^A , „ n 2 0rcl AGU format (see page 20 of January 
streets LT«f? nii original. and two copies ol ab* 
nue N w A £ U Mld West Meeting, 2000 Florida Ave- 
WbilBh«H ,, r^ w i*NOfltori, D.C. 200.09. Abstracts will be. 
Biter tho J n a substantive meeting report 

meeting. There will be no abstract charge, • 


Civil Engineers' Groundwater Committee (part of the Irriga- 
tion and Drainage Division), the sessions form part of the 
society's International Convention and Exposition on May 
11-15 at the New York Hilton Hotel. 

The program will consist of 12 papers and two panel dis- 
cussions. International groundwater occurrence, develop- 
ment, and problems will be discussed by specialists from 
the United Nations and Food and Agriculture Organiza- 
tion, as welt as from Australia, Egypt. Finland. India. Isra- 
el, Pakistan. Saudi Arabia. Thailand, the United States, and 
Weal Africa. 

For more information, contact A. Ivan Johnson, Wood- 
ward-Clyde Consultants, 209 West 7th Avenue, Denver. 

CO 80204 (telephone: 303/573-7882). & 

AGU Job Center at Spring Meeting 

AGU will initiate a Job Center for the benefit ol regis- 
trants and prospective employers at the Spring Meeting In 
Baltimore. The purpose of this canter Is to facilitate sched- 
uling of Interviews between registrants seeking employment 
and employers seeking qualified personnel to fill their Job 
vacancies. Job descriplions of open positions will be posl- 
ed on bulletin boards at the center. Employers planning to 
attend tha meeting should bring job descriptions for posting 
to the registration desk and fill out a form Indicating when 
someone will be available for interviewing. 

Job candidates should bring resumes with them to the 
meeting. Resumes will be held confidentially but will be 
open for review by registered prospective employers. Job 
candidates can review Ihe posted positions and sign up al 
the Job Center desk. J _ . 

Interviewing will take place from 9 am to 4 pm Tuesday 
through Thursday In Exhibit Hall A, Applications and Job de- 
scriptions can be left at the Job Center in the Baltimore 
Convention Center from 8 to 4 from Monday on. 


Hydrological Forecasting 

Proceedings of the 
Oxford Symposium 
April 1980 

Over 70 papers of Global Importance 

• Hydrological data acquisition for forecasting pur- 

• Methods for foretasting hydrological variables 

(including water, quality) . , . 

• Application of recant fowCBBting lechn ques, par- 
ticularly their success and their limitations 

lAHS PuM. 129 bver 570 pages S75.00US 


Order from: 


Office of Treasurer, fAHS 
2000 Florida Avenue, N.W. 
Washington, D-C. 2000B 


Tell Your Colleagues 
This Week 
— Not Next Month 

Place advertisements and announcements in 
EOS. the weekly newspaper of geophysics, and 
reach over 15.000 geophysicists worldwide. 

Communicate the dynamics of special meet- 
ings, workshops, Instrumentations, available 
publications, calf for papers, and other pertinent 
Information for your colleagues. 

For low advertising rates and easy-to-meet 
copy deadlines, direct inquiries to: 

Robin E. Little 

Advertising Coordinator 

800*424-2488. 

Back cover advertising space available. 


Penrose Conference on Antarctica 

A Penrose Conference scheduled for April 11—16, 1982. 
will focus on the global significance of the Antarctic plate. 
Sponsored by ihe Geological Society of America, the con- 
ference will be held In Shenandoah National Park, Virginia. 

Antarctica is central to several problems of global geo- 
logic significance, Including the processes of continental 
fragmentation, as exemplified by Gondwanaland breakup; 
the nature and development of the present Antarctic plate; 
the plate's configuration and Interaction with adjacent 
plates during the late Mesozoic and Cenozolc; and the de- 
velopment of Southern Ocean circulation and paleodlmallc 
change. The purpose of the conference Is to bring together 
scientists from many disciplines to address these problems. 

Registration fee for the conference 1 , approximately $350 
per person. Special travel arrangements will be made from 
Washington, D.C. Attendance al tha conference Is limited 
to 70. 

For an application or additional information, contact ei- 
ther of the convenors: Ian W. D. Dalzell, Lamont- Doherty 
Geological Observatory, Columbia University, Palisades, 

NY 10964, or David H. Elliot, Institute of Polar Studies, The 
Ohio State University, Columbus, OH 43210. Application 
deadline Is November 1. ss 

Rook Mechanics Symposium 

The Massachusetts Institute ol Technology will sponsor 
the 22nd United States Symposium on Rock Mechanics, 
June 29 -July 2. Designed for geophysicists, civil and petro- 
leum engineers, and rock physicists, the conference will In- 
clude papers and discussions on energy, mineral extrac: 
lion, civil construction, and waste disposal. 

Among the topics to be discussed are heat and fluid How, 
fragmentation and fracture propagation, deformation of rock 
masses, and site characterization, 

Field trips will be conducted through Boston's Red Une- 
subway extension tunnel as well as through the Seabrook 
Nuclear Power Station coding water tunnel. 

For additional information, contaot the seminar office at 
817/263-7461, or write lo Barbara Dullea, Coordinator, • 
Center for Advanced Engineering Study Seminars, MIT,. . 
Cambridge, MA 02139. 88 
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WiSQallimovi. 


ACU Spring Mvoling 
May 25-20 

Session Highlights 


Solar-Planetary Relationships 


SPR — Cosmic Rays and SPR — Solar and 
Interplanetary Physics 


A Celebration of the 25th AU Crossing of Pioneer 10 


Solar Flare Particle Composition 


Solar Flare Particle Acceleration 


A problem of longstanding and current Interest Is the mech- 
anism responsible for [article acceleration In solar flare 
events In a special session scheduled for Wednesday morn- 
ing. P. Sturrock evil! review the current status of theories of 
particle ^acceleration in flares, and K. Frost will summarize the 
results from the Solar Maximum Mission A variety of contrib- 
uted talks will be given on recent experimental and theoretical 
results. 


Mfaues and Turbulence In the Solar IWnrf 


The solar wind is an idea! Inboratoiv in which to lest our 
understanding or the properties of waves and turbulence in a 
large scaje astrophyslcal plasma. In a special session sched- 
uled for Thursday afternoon. C. Soneii will review recent ob- 
servations of waves and turbulence in the solar wind, and A. 
uarnes u .ill review the current theoretical understanding A 
variety o! contributed talks will be given on recent experimen- 
tal and theoretical results. 


SPR — Aeronomy 


Spectroscopy In Geophysics On the Centenary of Row- 
land s Ruling Engine at the Johns Hopkins University 


Baltimore Is the home of the Johns Hopkins University 
famous for its School of Medicine, but also known for its 
alumni who have made significant contributions to modern- 
day geophysics These include, for example. Edwin O. Hall 
IdlKoyerer of the Hall - effect while pursuing his Ph D. back 
m 18/9) and Henry Rowland (inventor of the ruling enqlne a 
fJSfV R J 0 ‘- v,and 5 enstae allowed grating spectroscopy 
to be developed into a technique now used in a variety of 
disciplines ranging from the earth’s atmosphere to 
astrophysics. A special session commemorating the centenary 
of Rowland s invention is scheduled for Monday. Following 
an introduction by W. G. FosBe (inventor of the Fostie-Ebert 
spectrometer) on the legacy of Rowland, a series ol Invited 
and contributed papers will review the contributions In grating 
spectroscopy in aurora, the atmosphere, the magnetosphere 
the sun. planets, and comets. 


Atmospheric Chemistry 


A series of four sessions on atmospheric chemistry 
(Sponsored by SA and M| Is scheduled for Tuesday and 
Wednesday. May 26 and 27 The topics will range from the 
earth s surface, through the strain sphere, and up to the 
mesosphere and D region Ionosphere Tho session on 
Wednesday morning will focus completely on the sublet of 
ozone, perhaps the most critical ingredient In the earth’s 
atmosphere. A series of 14 contributed papers will describe 
rocket, balloon, and satellite observations of ozone, and 


Return lo: 


American Qeophyalgal Union 
2000 Florida Ave„ N.W, 
Washington, D. C, 20009 , 


theoretical and model studies involving ozone. Ozone Is a 
principal faclor in the earth’s climate and plays an important 
part In human-saelety-produced pollution effects (namely as a 
barrier against some cancer-producing solar rays). 


The Chatanlka Radar 


Pioneer 10 was launched In 1972 to perform the first flyby 
of Jupiter and the first exploration of the distant heliosphere. 
In celebration of Pioneer 10’s 2Glh AU crossing, the principal 
Investigators on the heliospheric JnveslEga lions— J. Van Allen, 
F. McDonald, J Simpson. E. Smith, and A. Barnes— will re- 
view their latest results in n special symposium to be held on 
Tuesday Afternoon in room 310. 


The powerful radar system located at Chatanlka, Alaska, 
for the past decade has provided detailed measurements of 
densities, electric currents, and fields In the high latitude, 
ionosphere, and atmosphere. These unique observations 
made on the earth's surface have been used In a wide range 
of correlative satellite, rocket, and surface experiments. They 
have made possible significant contributions to an 
understanding of auroral and magnetosphertc processes. A 
special session will review the past contribution of the 
Chatanlka radar and describe the planned move of this major 
facility to Greenland. The session is scheduled for all day May 
28, and will Include invited papers by R. R. Vondrak and 
J. D. Kelly of SRE and P. M. Banks of the University of Utah. 
T. Stockjlet Jorgensen of the Danish Meteorological Institute 
will review plans made for the Chatanlka radar's future after it 
moves to Greenland. 


SPR—Magnetospherlc Physics 


One of the intriguing results in recent years is the anomalies 
and the systematic variations observed In the composition of 
energetic particles In solar flare events. In n special session on 
Wednesday morning, E. Slone and 0. Mason will review re- 
cent observations and theories for the composition in flare 
events, and a vniluly of contributed jMjxrrs will be given on 
current work In this field. 


The magnetosphertc section (SM) will be sponsoring four 
special sessions. Two will consist of Invited papers for oral 
presenlalion. The other two special sessions will consist of 
contributed poster papers. The special poster sessions will be 
held Monday afternoon, but facilities will be available for 
authors lo exhibit their posters all day. The scheduled poster 
papers Include 1 1 In a special session on Waves, Instabilities, 
and Turbulence In Space Plasmas and 10 In a special session, 
organized by Joe Barfield, on Blrkeland Currents. The use of 
posters on such a large scale In regular meeting rooms will be 
a new experience for many AGU participants. This method of 
presentation has been well received in olher professional 
societies, and we hope that it will be equally successful in the 
AGU. Seven more poster papers will be presented in a 
‘potpourri’ session Thursday afternoon, following the SPR 
luncheon. 

On Wednesday morning there will be a special session of 
Invited talks on the Auroral Potential Siructure. The program 
of speakers for this session Includes Dave Evans, Joe Fennell 
Fon-esl Mozer, Larry Lyons, Y. T. Chiu, H. L. Rowland, and ‘ 
Bob Hoffman. The special session for Friday afternoon will 
feature five invited talks and a period of open discussion on 
the extraction of Solar-Planetary Data from History and 
Folklore This is a novel topic for the AGU. and those who 
attend will be well rewarded by the broadening of their 
horizons. Speakers will include Bob Ealher, George Siscoe, 
Asgeir Brekke (or Alv EgelandJ, Joan Feynman, and Sam 
Silverman. The Friday program also features 29 contributed 
magnetospheric papers on Jupiter, Saturn, and their satellites. 


Planetology 


Upper and Lower Atmosphere of Venus 


A full day on Friday will be devoted to a discussion of the 
Venusian atmosphere. Presentations will focus on the 
structure and dynamic processes within the thermosphere, 
ionosphere, and lower atmosphere of the earth’s sister planet. 
These presentations will be based to a large extent on 
extended analysis of data obtained by the Pioneer Venus 
spacecraft Specific topics to be addressed include variations 
between Ihe daytime and nighttime atmosphere, coupling of 
he upper atmosphere with the solar wind, spatial and 

Varl f bl, J^ ‘1^ P os,H °n of the ionopause, and the 
djsWbution of sulfur dioxide in the lower atmosphere. This 

5*^,1?® ^° n n L a SpedaI report on the recent discovery 
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Geologic Processes on Icy Bodies 


i TS* 8 sess,on Is devoted to the tcy moons of 
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Meteorology Oceanography Qe 0 de 8y 


SEASAT 


Five sessions (Monday. Tuesday, and Wednesday 
held for presentation of initial results obtained 
SAT satellite. Three sessions will be sponsored C<Z' H 
phy, one each by meteorology and geodesy. ThesHX' 


will cover analyses of data from the microwave radio™ 
radar altimeter, scatterometer, and synthetic apertureS 


Hydrology 


Acid Rain 


Acid rain has received considerable attention in recent 
years because of its effects on the environment. Thissesto 
scheduled for Monday afternoon, will cover topics randrT 
from ihe effects of acid rain on aquatic ecosystems to then! 
loadings from snowmelt. Recent development of long-range 
transport models will also be addressed. v 


Symposium on the National Urban Runoff Program 


A full-day program (May 26) on the National Urban Rural 
Program (NURP) will be followed the next morning by a field 
trip to the urban runoff monitoring sites In Baltimore. Die 
symposium will include an overall view of EPA’s objectives la 
NURP, case histories, USGS studies, and designs of monitor 
ing systems. 


Water: A Constraint on Synthetic Fuel Development 


There will be brief presentations by speakers from (he gw 
emment, consulting firms, universities, and industry, who m3 
also participate In a panel discussion. Topics will indude the 
national, regional, and industrial perspectives, the water re- 
quirements for synfuel plants, available data, and a case 
study. This symposium, scheduled for Tuesday afternoon, id 
begin with two^papers on the effect water availability has on 
the development of synthetic fuels. 


John Ferris Symposium on Groundwater Hydraulics 


For more than three decades, as both a nationally and 
Internationally renowned researcher and teacher, John Fents 
has contributed to basic scientific knowledge and general ap 
plication of principles of hydraulics to the solution of ground- 
water problems. During this period, the methodologies (of ap- 
plication of hydraulics to solving groundwater problems haw 
continued to evolve and Improve. The development ofaqii 
fer test techniques and analytical solutions commonplace r 
the 1950 s, '60’s, and early ’70's are now increasingly supt-- 
mented by the use of numerical models and automated pa- 
rameter estimation techniques. 

The purpose of this all day symposium on May 27 Is to e- 
plore the broad application of hydraulics to the solution ol 
groundwater problems through review of methods used In if* 
last three decades and through presentation of the lateri fe ‘ 
search and sophisticated state-of-the-art techniques. 


Mfliaf Geochemistry Can Tell Us About Background 
Qualify 


Geochemistry can be used as a tool to interpret water qual- 
ity. On Thursday afternoon this symposium will explore cm* 
Irols on the phosphorus cycle, the prediction of calcium aitf 
magnesium concentrations In arid soil waters, chemical i®*' 
tions in groundwater, and controls on Isotopic compositor 
groundwater systems. 


Trace Organics In Groundwater 


More and more trace organics are being found in 
water. These organics often pose problems to the puMe 
health. On Thursday morning this symposium will exp* 0 *®, 
some of these present problems and describe the history 
organics in the groundwater of specific areas. 


Relating Drinking Water and Health: T he Need for Da* 
Banks 


This special session focuses on the need for date ban _ 
determine possible relationships existing between drinMra 
ter and health. Existing data banks and storage and re. 
systems are presented, and the need for further data cou» 
tion and analysis systems will be discussed. 
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CONTENTS 


p 0 shchHrovsky Yu. M., Kozlov V V,, Mazarovich A. 0., Su 1 1 dl- Kondratiev E. D 

Systems of faults In ihe Pacific Ocean Um 

Udlntsev 0. B., Beresnev A. F., Oordln V. M. Structural heterogeneity of the oceanic 
bottom and problem of the ocean-continent boundary 1 oceanic 
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Bcioalov V. F. Tectonic nappe system of Kazakhstan 
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Ml, lutin (Lunar and Fl.natarj Laboratory, 
MunlCF el Ailioua, Tucaon, ArLaoaa 85721) 
lietat talulta on aataor ablation ara uaad aa 
liyai to a aodal In vhlsh ab La el an (or 
napaticlao) la tht aourca aad daps* It Ion os duat 
yiitlelea la tka slab. Th* duat sonaa froa 
nualiuitloo et tha rut ol tha aataor vapor . 
It Maallaae aatsti la found to tha obaarvad 
dmctarlatlea o( tha aodlaa Uyar. It la 
ii|ald ibat tha btih-latltuda via tar aaalaua of 
dabari (aad Uyar halght) la dua to tha aueh 
bnr nta of lonliitloa tharo aad orar tha poUr 
uf. Iba conpucaUoua ahov tha raqulrad laetar 
i> l-S and aUo Batch tha halght variation. To 
Uiy tha Ion danalty froa bains too Urno, 
fcmard aliottudyaaale rranapurt at «SQ oo/aoc 
Bdt la lo yoked. Tbe different behavior and low 
•tildluca of pataBBlua require an additional 
ltd. The oaa pressed la Fannins ionlaattou by 
aiutabla mlttd Oj. Iaharant la tha aodal la 
till aodlaa and lea eoapounda raalde alaoat 
ultraly n duat plrtlclaa below BO ka. Larga 
■liadaaeaa la tha free fare at atracoapharlc 
balghca ara vary anllkaly and are not a good 
•■Maaattoa of obaarvad aabloat laaa. 


«*» Csiyoatclan (ataale or Bilacular) 

01 SUM! DimtWTlOS OF NITRIC OXIDE AT 200 KM 
x- I. Craraaa (Spec* Fhyalea Reaaarch Laboratory, 
Jimoaat Of Ataoapharlc aad Oceanic Science, 
hlnralt, of Kithlgan, Ana Arbor, Michigan 

K.iturjn.ni, of nItrl( . K 2M ^ ^ 

dliiylalat nitric oaldo onporlaant on Ataa- 
■. Eaplorar D ara uaad to diaanatrato tha 
" * m l *tituda, long lend a, and 
ro u abundant la cha 
hoaiaphara 

tia.. d “ rln 8 nagnatlcally active 

hS bwj, l. ^ t0 ahoy thlt lha ta0B- 
'iS . " 1 coupoaltlon and ttnparatuto la 
“ " 9 leln tha variation, of nitric 
>1 tht a alttcuda. 

Itei., Blua, Paper 1A0Z46 


Cupoaltloa 

r,SS. 0Wm * T1OHS 0r Cl ° ™ STRATOSPHERSl 
jmiBlOF UCEST RESULTS 

W. Fataaloel (Ctnlar for Earth and Planetary 
1 l ^"aity, Caabrldga, KA 02138) 
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0770 Radio flcainagriphy 

SEA-S TATE FREQUENCY FEATURES OCSERVEO B» 0R0UND- 
UAVE HF DOPPLER RADAR 

P. Forget {LSEET, Unlverifth da Toulon, 83130 La 
Garda, Franca] P. Braclw, J.C. da Halstra and 
A. Fontanel 


Thlt paper Investigates tha relationship bel- 
Man the frequency feature! or the directional 
spectra of ocean waves (cutoff frequency *nd 
peak frequency of wind wavai, frequency of quasi 
manochrcMtlc wall] and the properties of tha 
tpactrui of the sea echo obtained by KF Doppler 
radar. 

A thaorallcal analysis Is pnrforned lo check 
the validity or a slnpte result thal slates that 
at upper HF, a long-nave spectral feature at 


frequency Fn affects the radar echo at frequen- 
cies iff) iF 0 on elthar side of the Bragg lines 
at ifa corresponding to resonant backseat taring 
of radio waves with a given wive length by half- 


wave length ocean waves. 

An experiment using both radar and standard 
In-sltu Maaurements for several weeks at dif- 
ferent times of the year shorS that this 
relationship can be used to formulate a natlwd 
for estimating the frequency features of tha 


sea with suitable accuracy. 
And. Sei,, Paper 1SM50 


0270 Radio araenearurhy 

OCEAN SURFACE HElDhT-SLOPE PR0BA81L1*! bEkbl'T 
FUVCTIGN FROM SKIS* 7 AL’IKETER FCHO 

I. Llpe I9RI loteriMl lonal . RaaatF Kteturwamt.- 
Laaoratoryl C. Berries 

"Ml papar drnurlbva nut# aatbnda Tor the 
Interpretation or elarwave Aaatlar free tne 
aea . Rouph-aurraoe agatterlnp thtory has led to 
an lnteeral e Qua Lion ror tha eaho valtapa In 
taraa or the Join! helpht-alope prahabll tty 
denaliy function (pdf], be navt developed 
aethoda for the Inveralen or thla eguatlon that 
do not require the aaauaptlon of a Badri Tor 
either the oaten aurfaoe or the trdnealited 
pulae. In addition they are far aorr efflaleat 
than tradltlenal prU-ararah aathada tor aodel 
nttlnf . 

hi have jppi lea bur Bilhuli Lo 111')' l.t. 
taken over Kurrleaai lleo. SuLlitlgal data 
analyala via parfenad to Five tht data 
eovarlanoe aatrla and tha aurralatlon 

ooaffiolent betwaan auoaeaatve wavafbru and to 
treat tha propitiation or error throufh the 
Invar i Ion preoeaa to plva alatlatlcal 
una area lnt lea lo tha dirlvtd paraaatera. Tha 
usual aflaiaptloa or RaylelRh atatlstlaa la ahon 
to be violated by tbt data, alnet tha niabar or 
degrera of fraedoa lHreaaia linearly with 
power, Independent or lea-atatel va uonalude 
that thla la an inatrisaatal arreot. Va find 
that tha vavefaran are ilgoirieantly eerralated 
over diatapao* of aivera) klloaatir* it blph 
■aa-aUtaa, and suggait coharanaa of Iopr ooaan 
waves over than dlatanata aa the oauae. 

Ha obtained uvehelght high ir- order paruetara 
by liaat-aquaraa rittlng of a (h-aa-Charl lar 
aodal for prahabll lty diaaltlaa to tha 
oaleulatid valuta. Far average! aver ISO ka or 
paa, va obtain a mu BiuTaoe height blaa 
oerriotloo, ■lgnirioant vavahelRhl and height 
akawneaa paramatar with at and art dvrlitlon of 
l|, 0.71 and 101. In addition to thla blight 

biaa demotion aaally rtaovad fit* tha data, wa 
identify aaothar aaa-atttt-da pendant height blaa 
that can axeaad 50 a, Tbit thla txlaU In tha 
data is proof that one out employ tha Joint 
height -a] ope pdr ln th* aeattirim nodal, and 
not aaraly tha haigbt pdr as aonvNitlonally 
uiad. (Radar altlnatry, ocean WRvthelflit, ate 
aurraes topography) 

J. Gasphya, Rat., Grain, Papar 1C0421 


OTKlCAL tt raCT»T10SS AB UCOKBlEn SCATTER I HD 
THEORY IV THE TEBJ1EBTBIAL D-RMIOS 
0. Kackarta (laatltut d'Afrononlo Ipatlale B-11M 
Bnxallei, Belglgue} fl. Viiertarg 

The contlBuu* thaaiy or tneoheranlly iraLtaraa 
alactranignstjc wevet li euidiriad IB anlei ■ ta 
Include paaalbla affect! of tharnilly loducad 
ehanic.l nuctaatiena. Tk... flurtaatlon. ■« 
taken lata aceoant by latroduclog lluetuallai 
part, in the production and lo«a total of the 

cootlui Lty equation.. An equivalent l8M.ph.rlc 
nodal la dav.Iapnd for .h«a W M ** 

•nodal, l.a. alectrooa, nagatlva and pealtlva 
(na . A nitria Fof-ul«ton five, 
acceaa co flurtuatlag part* of ■ ,Eh ^f r SL5" 1 
pOanal. faaaric.l raaolta lndlcata that cha wl cal 
fluctuation, are inportaat owar tha kf |ht raaia. 
whara oagattva laa« 

than tha alactrea coacan tret Sen. “*"* “ 
chuceaenu of th*- lacohsrrut ■*■“** “J" 

•act loo occur for fraqoeacy ahlfta *““" r tb J" 
approximately 20 Ha. A «1«pl* * 

given for tha cantrlbotien or ehialcil fluctu 

(D l0B, R-Ri«. at«itlv» Enna, lac-b-raat 
a cat tar lag). 

J. Oaa phy a i Xaa.. Blua, Papar !AD«1 
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Introduction 


The results of the Apollo program have given us an In- 
triguing but very Inadequate glimpse of the pervasive mag- 
netization that characterizes the lunar crust. Returned 
sample studies, surface magnetic field investigations, and 
analyses of orbital measurements have provided useful con- 
straints on the nature of the magnetization, but In retrospect, 
mors questions have been raised than have been answered. 

Perhaps the single most Important of these questions con- 
cerns the origin of the magnetizing field. A simple possibility 
suggested from the outset Is that the moon once possessed 
an Intrinsic global magnetic field which originated In a small, 
formerly molten Iron core. The existence of such a field, if 
verified, would have extreme Implications for our understand- 
ingof lunar, and hence planetary, thermal evolution. How- 
ever, clear evidence for more than a superficially magnetized 
crust has not emerged from the data analysis. Thermorema- 
nent magnetization Itself has been difficult to identify unam- 
biguously In samples of the lunar regolith, partly because of 
ifwlr complicated Impact histories. Surface and orbital mea- 
surements show magnetic anomaly signatures apparently 
associated with surficlal material, such as basin ejecta, and 
nol with deep-seated structures as expected from slow cool- 
ing In the presence of a steady magnetic field. Alternative 
suggestions for the origin of the magnetizing field have pri- 
marily involved local generation mechanisms. Ot these, 
those that employ impact processes to briefly but strongly 
amplify the weak Interplanetary magnetic field seem most 
reasonable in view of (1 ) the obvious bombardment history of 
(he moon and (2) the association of some mapped anomalies 
with basin ejecta. In particular, Impacts of cometary bodies, 
which normally possess large partially ionized atmospheres 
capable of strongly compressing a weak ambient magnetic 
field, have been mentioned most In this context. 

The purpose ot this contribution Is to briefly assess our cur- 
rent understanding of the nature of lunar crustal magnet- 
ization, with emphasis on properties that may provide basic 
dues to its origin. Brief discussions of returned sample stud- 
ies and surface magnetic field investigations are provided 
(tor general reviews, see Fuller [ 1 974J and Dyal etal[ 1 974] 
respectively), but emphaBle Is placed on orbital studies that 
have not been completely reviewed elsewhere. 
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As deduced from a variety of magnetic properly experi- 
ments, the main magnetization carrier in lunar rocks Is metal- 
lic Iron alloyed sometimes with small percentages of nickel 
and cobalt [e.g., Nagata el a/„ 1 972]. As shown In Figure 1 
(upperhalf), among the returned samples the breccias and 
soils are significantly more enriched In metallic Iron than are 
igneou8 materials such as mare basalt [Housley et at., 1 970; 
Strangway et el., 1 973a], Moreover, as Indicated In Figure 1 
(lowerhalf), Iron grains within the breccias and soils are often 
In the single-domain size range and therefore retain a much 
stronger magnetic remanence than the multidomain iron in 
the basalts. Consistent with these properties, the highest lev- 
els of stable natural remanent magnetization (NRM), about 
1 0'* G-crrfYg, were reported for some classes of breccias 
and soils, while the mare basalts were characterized by lev- 
els that typically amounted to 2 x 1 o-« G-cmVg or less. The 
stronger magnetism of the breccias and soils has bean attrib- 
uted to generation within these materials of metallic iron dur- 
ing Impacts. This generation takes place via the reduction of 
iron oxides and silicates already present. Both Impact-asso- 
ciated shock [Clsowskl et el., 1 974] and heat [Pearce ef at., 

1 972] have been proposed as possible causal mechanisms. 

Uncertainties In our knowledge ot the generation of ferro- 
magnetic material in lunar rock during Impacts, together with 
the probably complicated Impact histories of returned lunar 
samples, have made Interpretations of the observed NRM, 
with respset to the origin of ths magnetizing field, much more 
difficult. Colllnson [1 978| considers that the primary NRM ol 
lunar basalt rock Is most commonly thermoremanent mag- 
netization (TRM), acquired at the time of extrusion onto the 
surface, but that the primaiy NRM has been subsequently 
modified, sometimes severely, by imped shock. Fuller et el. 
[1979] conclude that the observed magnetic properties of 
certain mare basalts ere not consistent with a primary stable 
remanence of thermal origin and that a majority of the ob- 
served NRM Is most probably a shock remanent magnet- 
ization (SRM) acquired during successive meteoroid im- 
pacts. These issues are obviously of central importance In 
understanding the nature of the magnetization process, and 
additional efforts to resolve them are underway at several 
laboratories. 

Whether the primary remanence is TRM or SRM. the prob- 
lem of the origin of the magnetic field(s) in which the magnet- 
ization was acquired remains. Attempts to measure the am- 
bient field intensity at the times of formation of lunar samples 
have been difficult and controversial, partly because of ex- 
perimental problems, partly because of the aforementioned 
complicated histories of the samples, and partly because of 
our Incomplete understanding of rock magnetism. Never- 
theless, there Is some agreement that fields on the lunar sur- 
face of as much as one Oersted are required to explain the 
observed NRM of at least some samples [ Fuller . 1978]. Ste- 
phenson etal. [1974] consider that the required Intensities 
are consistent with the early proposal by Runcorn et al. 

[1970] (and others) that a former global lunar magnetic field, 
generated by dynamo action in a once active lunar core, is 
responsible for the primary NRM but that secondary magnet- 
izations were later acquired by poorly understood mecha- 
nisms. The differing NRM properties and paleointensity esti- 
mates obtained for subsamples of a single specimen have 
led Fuller at al. [ 1 979] to argue that a constant planetary- 
wide paleofield is unlikely and that transient magnetic fields, 
possibly generated during Impacts [Smka, 1977), would pro- 
vide a more reasonable explanation for these properties. 

Finally, mention should be made ol the young (<200 m.y. 
old) soil breccia 70019 collected at the Apollo 17 landing site 
specifically for magnetic experiments. This sample exhibits 
NRM properties similar to those of other, usually much older, 
soil breccias; moreover, SugJura ef al. [1979] succeeded In 
performing a Thellter-Thelller paleointensity test on the 
sample’s interstitial glass component, obtaining a value of 
about 2500 y. Since the likelihood of a global lunar magnetic 
field In the recent past Is negligible, the two poseible ex- 
planations for this result, noted by the authors, are: (1 ) the 
sample was magnetized In a relatively strong local remanent 
field (fields exceeding 300 y were delected at the Apollo 1 6 
landing site, although no measurements were obtained at the 
Apollo 1 7 site; see below); (2) the sample was magnetized In 
a localized, transient magnetic field, possibly generated dur- 
ing the Impact which produced the breccia. 


Surface Magnetometer Data 


As a first step toward extending the results of sample stud- 
ies to Infer large-eoale characteristics of the magrtetlzalton, it 
! . ... ,_.i ..a.iNariho ini** nsHlflft and d reettona be- 


s\\es\Dvaletal., 1874]. Aminimw ikhwbuqii U uiv 

nTwasdetected on the edge of the Imbrlum basalt plalnat 
the Apollo 15 site, and a field of 38 ± 2 nT wasdeteclwl at 
the Apollo 1 2 site on Mare Cognilum. Fields of 1 03 ± 5 nT 
and 43± 8 nT were measured at two locations separated by 
1 1 km In the Fra Mauro region at the Apdlo 1 4 site, and 
fields ranging In Intensity up to 327 ± 7 nT vre^rt«l 
near the Apollo 1 6 site In the Descartes highlands. Rapid 
changes in field Intensity and dlrwilon were observed along 

mamas at the Apollo 1 4 and 1 6 landing sites Imply localized, 
^surface sources. One Interpretation of this finding Is that 
an hrlainallv uniformly magnetized cruel has been shattered 
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Fig. 1 . (Top) Number of examined samples with metallic iron 
concentrations In apecllied ranges. The Apollo site number is indi- 
cated for each sample. (Bottom) Same tor ratio of saturation rem- 
anenl magnetization to saturation magnetization [Alter Strangway 
etal., 1973a) 


nated by the Fra Mauro and Cayley formations. The Fra Mau- 
ro and Cayley units are interpreted by most analysts as pri- 
mary and/or secondary basin ejecta, with al least the Fra 
Mauro produced at the time of the Imbrium Impact [e.g., Tay- 
lor, 1975). The Apollo 12 and 15 landing sites are located 
primarily In areas dominated by mare basalt. These results 
together with the stronger stable remanence exhibited by the 
breccias and soils in relation to that of Igneous samples, such 
as the mare basalts, led Strangwayet a/. [ 1973b] to propose 
that especially coherently magnetized deposits of Cayleyllke 
ejecta materials are likely to be major sources of large-scale 
magnetic anomalies that are detectable from lunar orbit. 


Orbital Magnetometer and Charged'Partlcle 
Data 


Orbital studies of lunar magnetism began with the Explorer 
35 mission, which established the negligibly low value of the 
global dipole moment [Soneff ef aL, 1967; Ness etal.,1 967; 
see also, Russell et al . , 1974] and Indirectly detected crustal 
magnetized regions via localized compressions of the Inter- 
planetary magnetic field observed downstream from the 
moon [Barnes et a/. , 1 971 ; Soneff end Mlhelov, 1972). The 
Initial direct detection of crustal magnetic anomalies with the 
Apollo 15 8ubsatellKe magnetometer [Coleman et al., 1972) 
led to an eventual application of both magnetometer and 
charged-particle data from the Apollo 1 5 and 1 6 subsatelllles 
to the more detailed study of the distribution and properties ol 
lunar surface magnetic fields. 

Much of the early mapping of the direct subsatellite mag- 
netometer data was restricted to measurements obtained 
within the relatively undisturbed plasma environment of the 
geomagnetic (ail lobes [Sharp ef al. , 1973; Russell et a/., 

1975, 1977). Later mapping concentrated on Intervals when 
Ihe moon was in the solar wind but the Apollo 16 subsatellite 
was at a low altitude In the lunar wake [Hood et al. , ^ 979a, 
bj.The possibility ol mapping the distribution ol lunar surface 
magnetic Helds via their reflection of energetic electrons was 
first pointed out by Howe etal. [1974] and has been dis- 
cussed In further detail by Anderson ef al. [ 1 975] and Un at 
al. [1976J. Although the technique Is Indirect, It Is com- 
plementary to Ihe dlreot detection method because when tha 
subsatellite was exposed to the solar wind ormagnelosheath 
plasma, intervals are quite eullable for mapping, whereas the 
magnetometer data from these Intervals are nol. Finally, a 
study ot compressions of the Interplanetary magnetic Held 
that was detected with the aubaatelllte magnetometers In 
which the locations of several large-scale magnetized re- 
gions were Inferred has been reported by Russell and LJch- 
tanstefn [1976]. ■ 

At least partly because of the restricted coverage of earty 
magnetic anomaly maps produced from direct magnetometer 
measurements, the Identification of major anomaly sources - 
from this data set was nol swift. One correlation of a quasi- 
linear surfaoe magnetization feature found in electron reflec- 
tion data on the near side with a long structural rllle, Rlma : • 
Slrealls, was reported by Anderson et al. [1 977], and quan-J ' 
illative estimates of the magnetization Intensities required to 
explain the anomaly according to several possible models . 
were made [Srnfca ef el., 1979] . However, no firm con- - 
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elusions as to the most probable source of the observed 
anomaly have been drawn [see also, Anderson and Wil- 
helms, 1979). Further insight into the sources of large-scale 
anomalies came when direct Apollo 16 subsatellite magne- 
tometer data that were collected at tow altitudes over geologi- 
cally toss complex areas of the nearside were examined 
l Hoodet at., 1979a, b|. Magnetic anomalies were found to be 
nearly absent ovor tho western maria and over several large 
Impact craters such as Copernicus and Kepler; anomalies 
woro. however, detected ovor exposed segments of the Fra 
Mauro Formation and over areas dominated by the Cayley 
Formation. These results represent at least circumstantial 
evidence that favors Strang way ef at. s (1973b) ejecta de- 
posit hypothesis, based on returned sample and surface 
magnetic Held data. Further support came from a study of 
electron reflection maxima detected with the Apollo 16 sub- 
satellite charged-particle instrument across the lunar far sfde 
in which the identified magnetized regions occur peripheral to 
targe impact basins in areas where deposits of basin e/ecia 
are observed or Inferred [Anderson and Wllhefms , 1 979] 

This part of the orbital data is consistent with a relatively 
simple picture in which surficial deposits ol ejecta from large 
meteorard impacts constitute a major portion of magnetized 
material on the moon. Such a picture does not Immediately 
altow an identification ol the magnetizing fleld(s). but the pos- 
sible Importance of impact processes In either distorting an 
exlsiing large-scale magnetic field or in generating short- 
lived fields ol the required Intensities is clear. 

Less easy to explain via such a simple model are the high- 
er-amplitude anomalies delected with the subsatellita mag- 
netometers and charged-particle instruments. For many 
years, these anomalies were cited as possible evidence for a 
former long-term lunar magnetizing field, since It was as- 
sumed that rather large thicknesses of crustal material (cool- 
ing over long lime Intervals) must be coherently magnetized 
to produce anomalies detectable at subsatellite altitudes. 
Some light was cast on this issue when the strongest anoma- 
ly present in data from low-attitude passes ol lha Apollo 16 
subsatellite across the near sfde was found to correlate ex- 
actly with the location ol a peculiar swirllike albedo marklno 
on western Oceanus Procellarum, known as Reiner Gamma 
(Figure 2). The absence of a detectable gravity anomaly and 
tne superposition of the feature on mare basalt Hows matert- 
als that are etsewhere poorly magnetized. Increases the 
probability lhal the magnetic anomaly is due to a thin surficial 
layer of strongly magnetized material. It the layerwasdepos- 
i tod during an Impact, then H may have formed and acquired 
ilsmagnetizaiion m a relatively short period of time. Thus 
aHhough other questions aro raised (Including the interred 
high magnetization level of the source layer), the requirement 
ol a long-term magnetizing Hold to produce strong crustal 
magnetic anomalies on the moon may bo circumvenlable 
bimilar but much more extensive groups of Reiner Gamma- 
lype swirls have been Wen lifted on available photographs In 
highland terrain on tho far side (Figure 3). Four ol the areas 
where swirls are most sirongly concentrated are known to be 
Anomalously magnetic in rotation to a largo fraction ol the 
funar surface iUn et at . 1980J. Most of the areas of es- 
pociaiiy intense crustal magnetism detected with the Apollo 
subsatetntes can now bo associated wiih general con- 
centrations of swirls, although a one-to-one correspondence 
h p? E demonstrated, because of coverage limitations, 

only for Reiner Gamma. 

The geologic origin of the Reiner Gamma- type swirls has 
bean the subject of considerable debate, but the debate has 
not yet yielded agreed-upon constraints on the more general 
issue °f the nature and origin of lunar crustal magnetization. 
Hoodet at. (19790] proposed that Reiner Gamma consists of 
unusually magnetic deposits of ejecta from secondary era- 
tors or the nearby large impact crater Cavalorius (age- - 32 
b.y.). Preservation of the relatively high albedo of Reiner 
Gamma and some ol the other swirls (those (hat ere associ- 
ated with Impact craters okfer than abqut. 1 b.y.) was ascribed 
to deflection of the solar wind Ion bombardment by lliesirobg 
magnetic anomaly [Hood and Schubert, ibaoj. However ■ 
Schultz end.Smka, \ 1 980] point out that the swifts often con- 
tain dark lanes as well as bright patterns, that the bright swirls 


are strong forward reflectors In contrast with most crater rays, 
and that at least some of the swirls north of Mare Marglnls 
appear to be associated with the relatively young (late Co- 
pemican) crater, Goddard A. Therefore, as an alternative to 
the crater ejecta hypothesis, these authors proposed that ail 
of lha swirls may be strongly magnetized residues of relative- 
ly recent collisions of the moon with one or more cometary 
comas. While cometary impacts may be viable candidates for 
providing strong magnetizing fields at the lunar surface [Gold 
and Soter, 1 976] , there are several difficulties with the com- 
etary Impact proposal for the production of the swirls. These 
have been noted by Hood [1980J. Other suggested mecha- 
nisms for producing the swirls, which predate the magnetics 
data, have been listed by Schultz [ 1 975J . 

In addition to putting limits on the geologic nature'and ori- 
gin of magnetic anomaly sources, orbital studies using vector 
magnetometer data have attempted to determine, to a first 
approximation, directional properties of the magnetization as 
well. A knowledge of the latter es a function of position in the 
crust would of course place severe constraints on lha orien- 
tation (a) and scale-slze(s) of the lunar magnetizing fleld(s). . < 
Although source models for a given magnetic anomaly are In 
many respects nonunique, several assumptions can be 
made that yield probable estimates for the bulk direction of 
magnetization of the source. First, based on the several cor- 
relations of magnetic anomaly maxima with surface geologic 
units noted above, It can be assumed that sources are at or 


near the lunar surface; a reasonable source model k 
formly magnetized disk with a finite radius to be 
by a fit to the data. Second, in the caseof relaZXS 
anomalies It can be Initially assumed that the 22!!! 
of the source is directly beneath the total field maxIm-S 1 ® 1 
tected from orbit. This assumption is exactly vaWoniu!^ 
the direction of magnetization of the source is pretUZ 
cai or horizontal, so in practice, small adjustments^!? 

initial nnsitlnn nnnoaRaru in tho irui.. roiHuB 


initial position are necessary in the model-fittlno woS 

Tho nnlu rocnltc ronivtoH (him <». u U r"0C8ullIB 


The only results reported thus far have been foraSS 
of the lunar far side, in the region occupied by the crated vL 
de Graaff and Altken [Hood at a/. , 1 978a, bj As IndS 
the cover figure, It was found that adjacent source mZi 
the studied area are most probably magnetized In ml 
ferent directions. The only nonrandom characterise of ii» 
Inferred directions of magnetization claimed by Hooded 
[1978a, h] was a depletion In the north-south direction K*. 
ever, Runcorn [ 1 978, 1 979j has calculated pole posited 
an assumed internal magnetizing dipole that correspond^ 
the Inferred magnetization directions. Surprisingly taind,, 
small but statistically significant clustering of these' kW 
tlonsnearO 0 latitude, 90° and 270° east longitude. FurtheT 
more, he finds that the pole positions that correspond to the 
strongest anomalies, l.e., those whose magnetization dreo 
tions were probably determined most accurately, are more 
strongly clustered than the remainder ol the pole positions 
Runcorn then concludes that the results are most consist 
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with the lunar core dynamo hypothesis for the origin of the 
crustal magnetization, although polar wandering by approxi- 
mately 9°° must be simultaneously Invoked. 

Since the far-side region considered in the model-fitting 
analysis was located near 1 80“ longitude, the small cluster- 
inn of pole positions near 90° and 270 p found by Runcorn 
impilesthat the magnetization directions In the studied area 
must exhibit a small tendency to be more horizontal than ver- 
tical, A reexamination of the Inferred directions shows that 
this is Indeed the case as can be seen, in part, from the 
cover figure. The strong north-south depletion of the Inferred 
magnetization directions, together with their lesser tendency 
to be more horizontal than vertical, does not necessarily 
require magnetization by a global magnetic field. Specifically, 
a compression of the interplanetary magnetic field (which 
normally lies parallel to the ecliptic plane) against the 
moon during Impacts by bodies with partially Ionized gase- 
ous envelopes [Gold and Soter, 1 976] could lead to similar 
(fractional properties. The highly inclined magnetization 
vectors required to explain observed anomalies on the far 
side could be understood by superposition of anomaly 
sources during successive impacts. 

An obvious way to distinguish between these two possi- 
bles Is to determine bulk magnetization directions In other 
areas on the moon, preferably away from 0“ and 1 Sty* longi- 
tude. During the past 2 years, contour maps of the sub- 
satellite magnetometer data in several other regions have 
become available. Model-fitting procedures are currently 
being applied to these data. 


Suggestions for the Future 


The Apollo 15 and 1 6 particles and fields subsatellite mis- 
sions were not designed to map the distribution of crustal 
magnetic anomalies on the moon. Although some excellent 
data were fortunately acquired within limited regions, opti- 
mization of orbit characteristics during a future mission would 
provide significant Increases in coverage and resolution of 
both direct magnetometer measurements and Indirect elec- 
tion reflection measurements. Essentially, the orbit should be 
nearly polar with a low-altitude (about 30 km) periapsls near 
theantlsunward position. A polar orbit would provide almost 
global coverage in contrast to the narrow equatorial bends 
sampled with the Apollo subsatellites. A 30-km periapsls alti- 
tude Is required to adequately resolve the crustal magnetic 
field and Is approximately equal to the separation between 
adjacent polar orbit tracks at the equator (the moon rotates 
about I 8 during a 2-hour orbit). Location of the periapsis near 
the antisolar position Is required to minimize solar-wind-asso- 
cialed plasma disturbances, which strongly affect the magne- 
tometer measurements. Because of the existence of crustal 
gravity anomalies, which led to the demise of the Apollo 1 6 
subsatellite, and because of the tendency for the periapsis to 
prccesB away from the antisunward position, which reduced 
ft usefulness of most of the Apollo 1 5 subsatellite wake In- 
tervals, It Is imperative that the spacecraft be capable of mod- 
fying its orbit from time to time during the intended mission 
lifetime. 

In combination with additional photogeologlc studies and 
JjJer geophysical and geochemical measurements obtained 
from Jhs same spacecraft, such a set of data would place 
fnora decisive constraints on the origin of I unar crustal mag- 
netiptlon. For example, If strong magnetic anomalies are as- 
sociated with other Reiner Gamma-type swirls on the lunar 
jflrslde that are demonstrably young, then the existence of 
transient magnetic fields, probably generated during Impacts, 
would be more clearly indicated. Alternatively, If other anom- 
, ® are demonstrated to be associated with deep-seated 
structural features, then the former existence of a global lu- 
i * ma 0 nel| c field would become a more viable hypothesis. It 
s important to emphasize that more than one process may 
jra bean responsible for generating magnetic fields at the 


JJJJl 8 8urf ace during Its history and only when a complete 

sWSI SUrVfly hse hasn nktnlnn^ u illl flnnl nnrt^liifilnna ho. 


•v 31 SUrV0 y has been obtained will final conclusions be- 
possible. 
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News 


Space Transportation 


The U.S. space shuttle ushers in a unique flight research 
program (hat supports NASA's advanced (21 si cenlury) 
space transportation program. 

The space shuttle serves as a 'flying lest bed,' carrying 
experiments to measure orblter flight performance parame- 
ters during launch, booster, orbit, atmospheric reentry, and 
landing mission phases. 

The flight research experiments will aid the development 
of concepts such as singls-slage-to-orbit, heavy-lift launch 
vehicles and orbital transfer vehicles. These vehicles could 
deploy and service large, automated, human-operated, 
multifunction al satellite pialiorms and an inhabited perma- 
nent lacility in Earth orbit. 

Two experiments, called the Orblter Experiments Pro- 
gram, were Included with the flight of space shuttle Colum- 
bia. The Aerodynamic Coetflcient Identification Package 
(developed by the Johnson Space Center, Houston) on 
board Columbia will colEeci aerodynamic data during all or- 
blter major (tight phases. The Infrared Imagery of Shuttle 
(developed by the Ames Research Center, Mountain View, 
Calif.) experiment, located aboard a NASA C-141 aircraft, 
will gather hlgh-resolulion temperature maps of the arbiter s 
thermal protection system during its maximum entry heat- 
ing phase. The aircraft will underfly the Columbia as it re- 
turns from space for landing al tho mission's end. 

The results will advance aerodynamic theories, ground 
lest methods, and other techniques used to predict and 
simulate performance ol aerospace vehicles. The data will 
also be used to support verificalion of the current space 
shuttle orbiler's design and to aid In evolutionary improve- 
ments to the space shuttle. (Source: NASA )— PMB <* 


Extractive Metallurgy Program Funded 


In an effort to concentrate research on ore dressing and 
metal production, the National Science Foundation (NSF) 
formed a new basic research program as a part of its 
Chemical and Process Engineering Division. This program 
will be under Ihe auspices of NSF's Engineering Director- 
ate. Research is to bo supported on every step of extrac- 
tive metallurgy, from mining to processing to production, 
and even to reprocessing and disposal. Budgeting for the 
new program is expected to be on ihe order of SI. 2 million 
lor fiscal year 1981 . 

A program ol this nature was apparently considered seri- 
ously by the Carter administration as a joint Department of 
Interior-private industry project of considerable size. Then- 
Secretary of Interior Cecil Andrus evidently did not support 
(he program, but there is wide agreement throughout the 
mineral industries and the university community lhal such 
research is badly needed for the U.S. to compete. A joint 
program could benefit by cutting across the many difficult 
regulations that now are blamed for slowing research in 
minerals processing in this country. 

The newly announced program will probably be conduct- 
ed as a collaborative effort between universities and indus- 
try. bul under the NSF, It will be on a smaller scale than 
that considered by the Carter administration. Director of the 
funding program, T. Mukherjee. plans a materials science 
approach. Mela I production suffers In the United Slates by 
being energy intensive and generally less efficient lhan in 
many parts of the world. A strong research effort Is needed 
and fils well in NSF's new Engineering Directorate . — PMB 


Dynamics Explorer Twins 


Two spacecraft that will rlda piggyback into orbit next 
July are currently undergoing vigorous prelaunch testing at 
fits Goddard Space Flight Center, Greenbelt, Md. Called 
Dynamics Explorer (DE) -A and -B, the twin satellites are 
scheduled to be stacked together and placed into coptanar 
polar orbits by a Delta 3913 launch vehicle from the West- 
ern Space and Missile Center, Lompoc, Calif., on July 31 . 

Their mission will be lo explore Ihe boundary region be- 
tween Earth and space that affects the atmosphere, auroral 
displays, radio iransmlssons. and perhaps climate and 
weather. Solar radiation and the solar wind have a dynamic 
Impact on the near-Earth environment, the results of which 
aifect the state of the atmosphere, ionosphere, magneto- 
sphere, and the more familiar phenomena— weather, auro- 
ral displays, and radio disturbances. 

Prior spacecraft, such as the Atmospheric Explorers, 
have provided new Information on solar radiation upon Ihe : 
lower thermosphere and upper almosphere. The ISEE (In- , ' 
tematlonal Sun-Earth Explorer] program has provided addi- 
tional new Information on interaction^ between the solar 
wind and Earth's magnetic field; however, adequate knowl- 
edge does not exist on the Interactions between the two re- 
gions. The Dynamic Explorer program Is designed to sup- 
ply such knowledge— specifically, ihe strong Interaction \ \ 
processes coupling the hot, tenuous, convecllng plasmas - 
of the magnetosphere anc) the cooler,, denser plasmas and: 
gases corolallng In Earth's ionosphere, upper atmosphere,! 
and plasmasphers. ;; 

To accomplish this, the project will provide a central data 
processing and analysis system so that each Investigator 
on the science team can display geophysical data from ali j 
spacecraft instruments. In their polar coplanar orbits, one , 
satellite (DE*B) will have a perigee sufficiently low (30 5 km j 
forneptraf composition, temperature, and wind measure: ■]. 
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lifetime greator lhan 1 % years and lo allow measurements 
above the interactive regions for superthermal Ions and 
plasma flow measurements of the magnetospheric field 
lines. 

The second spacecraft (OE-A) will be placed Into a highly 
elliptical orbit having an apogee of 24,875 km to allow for 
global auroral Imaging, wave measurements In the middle 
of the magnetosphere, and crossings of auroral field lines 
at several Earth radii. 

The DE-B (low mission) has six 3-cm-diameter flexible 
stem antennas 10 m long and a single rigid boom 6 m long. 
These external antennas will collect data for the scientific 
Instruments on board. 

The solar cell arrays mounted on the 136-cm-dlameler 
spacecraft body will supply the satellite with electrical ener- 
gy that can be delivered directly to the scientific instru- 
ments or stored In nickel-cadmium batteries as required. 

DE-A Is spin stabilized; its pitch, or spin axis having a 
spin rate of 10 rpm, while the DE-B spacecraft is three-axis 
stabilized with its pitch axis controlled to continually point 
toward Earth's surface. Configurations of both spacecraft 
are designed to minimize unbalancing torques created by 
atmospheric drag encountered in space. 


Tracking, command, real-time, and recorded data will ba 
provided by NASA's Space Tracking and Data Netwo*; the 
NASA World-Wide Communications System, NASOOM, 
and the DE Operations Control Center at Goddard. 

[Source: NASA)— PAM 88 

Antarctic Meteorite Symposium 

The Sixth Antarctic Meteorite Symposium was held In 
Tokyo, Japan, February 19 and 20. Sponsored by the Na- 
tional Institute of Polar Research, the symposium brought 
Japanese scientists together with several Americans and 
two Chinese to discuss current research on meteorites, 
emphasizing research on meteorites collected In Antarctica. 
The symposium, now an annual event, owes its origin to 
the recent success of Japanese polar scientists In collect- 
ing large numbers of meteorite specimens In the Yamato 
Mountains, a program now successfully emulated by U.S. 
parties to the Allan Hills and adjacent regions. 

Forty-seven papers were delivered orally, primarily In 
Japanese (lha abstract volume was printed in English), on 
subjects that included location, field collection, and curatlon 
of specimens (6); classification and description of meteor- 
ites from Yamato Mountains and Allan Hills (14); mlneral- 
oglcal and petrological studies (8); chemical and Isotopic 


studies (B); exposure ages and terrestrial ages o! 
meteorites (3); magnetic and other physical praoaZ? 
and Chinese meteorites (3). H psn,0s ® 


nese scientists (a small pan of it In collaboration wtthZT 
ers In the U.S.). The Japanese program Is straw in JP 
aloglcal-pstrologlcal Investigations, with a small buimZ, 
number of geochemists and geophysicists partldpaH 
spite the mlneraloglcal skills of the Japanese partidi* 1 
Antarctic meteorite research, basic description of the!^ 
nese collection Is not far advanced, In part because iff 
magnitude of the collection (nearly 4000 specimens) tw 
also because there are few Japanese petrologlsts who ra. 
vlously have studied meteorites. Efforts are being mad e t 
address that problem and to expand the Japanese Aniare. 
tic Meteorite Program to international status. As more w 
entlsts from outside Japan learn of the collection, the 
amount of research reported at future Antarctic Meteoft 
Symposia will certainly grow. Information on the Proceed 
Ings of the 6th Antarctic Meteorite Symposium, delaHsof 
future symposia, and catalogs of the Yamato Meteorite C* 
lection (compiled by K. Yanal) can be obtained from T.fe 
gata, National Institute of Polar Research, Kaga, ItsUstt 
ku, Toyko 173, Japan . — PMB 88 


New Publications 



Atmospheric Physics 

J. V. tftbarne and H.-R. Cho, D. Reidel, Boston, xti + 208 
pp., 1980, $15.95. 

Reviewed by Franklin I. Badgley 

This compact book packs a great deal of Information into 
Its 212 pages and presents it fn a straightforward, compre- 
hensible manner. According to the authors It is Intended as 
a textbook for a university course at a second or third year 
level for students who have had a first-year general phyBlcs 
course and a knowledge of elementary mathematics. Judg- 
ing from the content, this math should include a working 
knowledge of both integral and differential calculus. Some 
knowledge of chemistry is also essential for understanding 
the material on that subject. 

The text Is divided into seven chapters entitled 'General 
Description,' ‘Atmospheric Chemistry,’ ‘Radiation.' Atmo- 
spheric Thermodynamics and Vertical Stability,' 'Cloud 
Physics, * 'Atmospheric Electricity; and ’Atmospheric 
Dynamics.' As the authors point out, the sections on chem- 
istry and electricity ore somewhat unorthodox but may ap- 
peal to instructors of certain courses or may be omitted I! 
desired. 

The material Is well handled, and certain topics such as 
radiation and atmospheric electricity are presented as 
clearly and as concisely as Is possible at the level for which 
they are written. Less satisfactory Is the final chapter on at- 
mospheric dynamics which attempts to cover motions of ell 
scales, from global to micro, and from both mathematical 
end descriptive viewpoints, in 47 pages. 

Particularly, in the first part of the book, some Important 
equations are given without derivation; (or example, the re- 
lationship between electron number concentration and re- 


flection of electromagnetic waves, the Claualus-Clapeyron 
equation, Planck's law, end related laws concerning black- 
body radiation, it Is Improbable that the student with the 
preparation spedfled above would have encountered these 
previously so It Is a matter of pedagogical preference as to 
whether to stress the Implications of these laws without in- 
vestigating (heir sources, as the present authors do, or to 
cover less material with more stress on derivations. In other 
Instances, such as the derivation of expressions for dry and 
saturated adiabatic lapse rates and ot the equations ot mo- 
tion and continuity, the mathematical developments are 
made concisely, understandably, and with a suitable blend 
of physical Insight and mathematical approximation. 

Numerous questions and problems are given at the end 
of each chapter, some easy, some challenging enough to 
offer teachers and students a means of enlarging the chap- 
ter content. There seem to be few errors. A good bibliogra- 
phy Is given. Answers to some of the questions and prob- 
lems are Included. One subject that le not treated but which 
would fit well with those which are included Is atmospheric 
optics. 

It Is difficult to know for Just what type of audience the 
book would be exactly suited. It Is definitely not for the ca- 
sual arts or literature student who wants easy access to 
some knowledge of the atmosphere, nor In thte reviewer’s 
estimation is it the best choice as an Introduction for a per- 
son Intending to specialize In the field, although It could be 
adapted to the latter use. Rather It would most closely meet 
the requirements ot a student well trained In basic science 
and math who Intends to specialize in some field such as 
engineering, astronomy, or oceanography and who wants 
more than a cursory Insight Into the physical nature of the 
atmosphere, Ha solved and unsolved problems, and the 
techniques available for attacking them. Anyone contem- 
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plating a course for a group of such qualified 
should give serious consideration to this carefully wntw 
text. 

Franklin I. Badgley Is with the Department ^ 
lc Sciences, University of Washington, Seattle, Wasm® 
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Available, Positions Wanted, and SeMcee, 

Supplies. Courses, and Announcements. There 
ora no discounts or commi&akra on classified 
ads. Any type that Is not publisher's choice is 
charged for at dteplay rates. EOS Is published 
weekly on Tuesday. Ada must be received In 
witting on Monday 1 week prior to the dalo of the 
issue required. 
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addressed la Box — . American Geophysical 
Uiion, 2000 Florida Avenue. N.W , WasNogton. 
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POSITIONS AVAILABLE 

Chemleel Oeeaneerephy/Mertne fleophemle- 
try. Afltqpeied (acufty opening at Florida Stale 
LWvemty. Applicants from M apeoaJtfea Met- 
eorite— preference lo candUabe who enhance ex- 
isting program* tn marine erdumospheric chemfe- 
by sedimentary geochemistry and radlochernlsffy- 
Cortad, ChairmaiVCtwnilcal Oceanography:. 

Search Committee. Department of Oceanography, 


OeephyatetaL Applications ere Invited for a 
lenure track position In geophysics for the 1881-82 

academic war. The Ph D. in geophysics or a dose- 

ty related flaw Is required. 

We are seeking a candidate capable o! leeching 
undergraAiats and graduate courses and supervte- 
*ng graduate research In seismic exploration geo- 
physics. Specific research Interesls need not be in 
Ina* area- AppfcaUons are encouraged from individ- 
uals with industrial experience. 

Applicants should submit a resume and three let- 
ters ot recommendation to Dr. Mold U. Ahmad. 

“c&? 5 ?r 1 01 swom ' «■ 

Ohio unhrerslly is an equal opportune ty/afflrma- 
cve- action employer. 

Almoapherte ■otenlUUt*dt,tUm Ptwil. 
olnt. Current Applied Research and Systems ac- 
jJJJJJ openings In lha tot- 

V Spectroscopy, Radiative Transfer end At- 
mosphere Sciences 11 Position). Requires to 
wo* on the general drataikm modeling of 
swaiospnero. 

2 Atmospheric Fluid Dynamics ft Poelttonl 
Requires lo develop global atmospheric 
oynenucs problem fo the thermosphere, 
inaee positions are In support o! acfenca and amii 
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Faeirtty Opening. The Department of Qeologl- 
MJ8ctenr»s of the State University of New York at 
Altwuny Invitee applications lor a tenure track faculty 
position which will be avalabfo from September i , 
awtotent professor level for a research 
oriented scientist to Join a department with 
gw^h a In struc tural geology, tectonics, geochem- 
Wryand petrology. Applications are Invited from 
&^l^, geophysicists and geochemists with 
Ph.O. degrees who feel quaffled to complement or 
SJ S** h Mfc Salary At bene. 

be addressed to: Professor 
^* a ' rman - Department of Geological 
SJElSS 1 ??!? 1 °*"* 1 **' Slate Unlver- 
* SUNY^t 2*;/*-* AJbany ' N Y -' 1^222. 

th * 8 f 1 0qual oPPOrtunHy/afllrma- 

Applications from women, mV 
nontieB and handicapped are especially welcome. 

•+30*+. AppScatfons Invited foreper- 
2J?? p< f 1Uo |l; Th9 P^lon requires a 
to , Bra * Jala and undergraduate lev- 
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An .equal oppoitunlty/afflrmative action employer. 

A tenure track appolni- 

asssaaS® 

' J5S» ** 15 Apr* ' 


Visiting Assistant Profsaaor. Ona-yeW' 
temporary position available August 1981 
mineralogy, general geology, and 
mineralogy. The successful candidate wwoe™" 
qulred to teach three courses during a iwo^r 
ter year; someone who enjoys teaching is 
Persons on leave are encouraged to appV- 
line tor applications Is April 17, 1981. Pfewe*^* 
resume to David KrlnSley. Department of 
Arizona State University, Tempe, AZ 85zei . 

A8U Is an equal opportunity employer- 

P«trology/O»oohemfetry, Unhreretty 
New Bfunewlok. The Departmentol w 
has a tenure track position available from ^J 1 : 

1981 , at assistant professor or higher lew. ■ 

successful applicant will be expected to wri 

undergraduates and graduates as wwl as wnp 

out research and supervising graduato 

This position le In addition to one cwranW 

tlaed for a rook mechanic or geochemist^ • • - . 

The applicant should have e b^round , 

troohemlstry and petrology and •hook! be 
to teach In soma aspects ol petrotogy and 9*^ • - 

chemistry. The successful app Ho w* '£X 3*L & ' . , 
stole lor supervision of analytical tedlltles 
an X.P.F. v J ^ .y,;i-. 

Applloante should have a 

post doctoral experience. > .*)■ L ,i 

curriculum vitae and names ol three 

should be sent to P. F. Williams. Chalrmq^wr,...^ 

merit of Geology. Unlverelly ol New 

Fredericton, N.B. E3B 5A3. . '. /. 

Planetary Oroofoglat. ;. JenUfe ^ ; 
to aseoolate professor position st^ng 
1, 1961, or aa.aoon a» poa6bte<ywi i g. 

' and conduct reaaaroh In plahateiy ' 

castes on Earth and other plane!*. 


j...- faces. App Detents must have , 


sssr asssassi^ 

M «r the University of Oklahoma will hire an expe- 
Snced exploration geophysicist to fill the Frank 
natty Schultz Professorship, and Is seeking 
^nations and applications for the position. The 
CL must be a distinguished scientist who has 
Mde Important contributions to exploration geo- 
nhvste through research. Preference will be given 
toVsclentW whose specialty la eelemlc properties 
dearth materials and who hBB earned the Ph.D. 

Schultz Professor will provide leadership and 
outdance in establishing a quality taaohlng and re- 
Loreh exploration geophysics group. The Unlverat- 
hd CWshoma haa recenlly made a strong com- 
riunont to lha earth sdances with the eatablleh- 
meni of a CoBege of Gaoedencee, to be housed In 
i new building. The 8chool of Geology and Geo- 
ofrgics w*l expand from He present faculty oMB to 
26taculty members by 1986. Thfe will Include three 
adentlats In the exploration geophysics area, five In 
Ontcture-tectonophyslcs-sojld earth geophyalce and 
ohars In alratigraphy-paleontology, geoohemlairy- 
peboiogy. and energy resources, 
vindications are due April 30, 1961. Inquiries, 
Mrinallons, and applications should be sent to 
join Wickham, Director, Scriool of Geology and 
Oaophyslca, Uriverelty of Oklahoma, Norman, OK 
73019. 

The University ot Oklahoma is an equal opportu- 
rtty emptoyer. 

Asseelate Profeseor/New Mexico State 
University, Geophysics at NMSU Is an Interdlacl- 
pinary program between the Department of Phys- 
ics and lha Department of Earth Sciences with an 
mphasls In exploration geophysics. We are seek- 
ing an additional tenure track faculty member with a 
background In either seismlcs and seismology or 
aiectrlea! and electromagnetic methods. The suc- 
cessful candidate will be expected to teach upper 
Chiton and graduate courses, conduct research 
and to supervise graduate students' thesis and dls- 
wtaUon research In the candidate's area ot exper- 
ts* The appointee will also be expected to teach 
tahman and sophomore level courses In either 
physics or gecktgy- 

MJrimum quellfioaUons Include an earned doctor- 
mi In geophysics or b closely related area and 
demonstrated research capabilities. Teaching expo- 
nents end a proven ability to secure research fund- 
ing are desirable but not essential, 
fee expected aatery range for this position le 
128.000-428,000 for the nine-month academic 
par. 

Applications and letters from at feast three refer- 
mcm should be submitted by May 15, 1981 to el- 
ite: Dr. Russell E. Clemons, Head, Department ol 
Earth Sciences, Box 3AB or Dr. August Miller, 
tied. Department of Physics, Box 3D, Las CruceB, 
NM 88003. 

New Mexico Stele University Is an affirmative ac- 
bon'equal opportunity employer. 

Faculty Poaltlon/Atmospherlo Science*. 

fee University of Arizona haa an opening lor a 
(Mure track faculty position In the Department of 
Atmospheric Sciences, THb appointment can be 
RUe up to and Including the rank of associate pro- 
tesor. 8ome preference will be given to candl- 
<teas with specialization In one or more of the fol- 
'wtng areas: synoptic meteorology, satellite meteo- 
FQto W. boundary layer meteorology, air pollution, 
•ntialr-aea Inieracllona. The applicant must have 
to earned doctor's degree In the atmospheric acl- 
tocai or a related discipline. Applications will be 
“espied until August 1 , 1981. Appointment can be 
“Kthm as early as January 16, 1982. The candi- 
wki must have a dedication to undergraduate and 
Twuate leaching and la expected to develop a 
"9" quality research program. Interested Individ- 
wj should submit a complete curriculum vitas, a 
“oipuWteaB^, a jiatemenl of teaching and re- 
JT®" Interesls. and three letters of reoammenda- 
wnjaerit efliaetiy by the writers) to Louie J. Batten, 

Department ol Atmoepher lc Sciences, Unl- 
Tucson. Arizona 85721. Phone 

188)628-1211. 

The University of Arizona Ib an equal opportunity/ 
aftnaH v8 action employer. 

Jjw* Tech Unhrereltyi Feoulty Peal- 

J" 8 1 Apartment of Geosclencee le seeking 


and geochemistry; sppllcante from 


fllten serkxiioorakl tl w 

rJj^,7 8 t * nwe fra® 1 ' positions at the assistant 
feOiMi m ap P olnlmenl8 starting Sepfem- 

havfl cwnpteted their doctoral 
fT * ere8<ed ln teaching at both the un- 
pfeL Vaduate levels, and have specific 

ln thfllr fieldB 01 spoolaBzatlon. 
Wkjma for the positions should submit re- 
fa Dt teaat three persons from 

"towndaS^t'!! I 1 ?' ,equMt l8ttflrfl 01 re0m 
testt te : aU0n ’ ^ briel deaoriptkm of research In- 

Ri Haragan, Chairman 
^JfrtwtolofGeoaclencea 
JwsTechUntvereHy 
POl Box 4109 

Cr^'Jf 88 : 9409 ' 

^ aqU81 opportunl ^ af ‘ 

tin UnhrM^^!! L? Ocaanograpliy/OeolD- 
^?, rt * , * rn ColoM, rio. The 

Earth Sciences Invitee applications 


Structural Geologist. The Department of 
Geophysical Sciences Invites sppllcante for a ten- 
ure (rack structural geology position at the assistant 
or associate professor level, beginning August 
1981. Ph.D. required. Salary commensurate with 
experience and qualifications. 

Departmental equipment Includes a digitizer, vari- 
ous geophysics equipment, and a remote sensing 
laboratory with an edgewise enhancer. The candi- 
date will have the opportunity to substantially add 
to his or her equipment needs. Present computer 
facilities Include a DEC 10 and IBM 380-44, white 
PK 3240 system with 18 megabyte capaolty Is un- 
der development. 

ODU la a state-supported university serving near- 
ly 1 6,000 students and is situated within the seven- 
city Hampton Roads metropolitan area that Is na- 
tionally known for He historic, recreational, and cul- 
tural facilities, 

Send vttae, a Mel discussion of research Inter- 
est, and arrange to have three tattere ol reference 
by May 1, 1981 to Dr. Dennis A. Darby, Chairman, 
Department of Geophysical 8clences, Old Domin- 
ion University, Norfolk, VA 23508. 

An affirmative action/aqua) opportunity employer. 

University of Hawaii. The HswaB Institute ol 
Geophysics and the Department ol Geology and 
Geophysics of the University of Hawaii invite appli- 
cation tor tenure track positions available July 1, 
1981. Applicants wilh specialties In any of the fol- 
lowing fields will ba given consideration: 

1. Marine geophysics with emphasis In marine 
gravity and tectonics 

2. Marine seismology 

3. Marine magnetics 

Applicants should have a Ph.D. degree and a 
demonstrated ability lo conduct and promote ma- 
rine research. Ability to teaoh at all lave la is re- 
quired. The position will be a Joint one on an 1 1- 
month baste between the Hawaii Institute of Geo- 
physics and Ihe Department of geology ana 
Geophysics. The appolniments will be at the rank 
of assistant professor. 

Apply with resume and names ol three refer- 
ences to Charles E. Helsley, Director, Hawaii Insti- 
tute of Geophyelce, University of Hawaii, Honolulu, 
Hawaii 86822. Closing date Ib May 15. 1981. 

The University of Hawaii to an affirmative action 
and equal opportunity employer. 


Scientific Coordinator 
Narine Operations 

Lamont-Doherty Geological 
Observatory 
of Columbia University 

The Lamont-Doherty Geological Observatory 
seeks a marine scientist-manager to coordinate 
and administer marine operations. Dulles in- 
clude coordination ol scientific programs and 
ships operations, budgetary and fiscal monitor- 
ing, personnel assignment, maintaining scien- 
tific equipment and providing technical support. 

As coordinator, you will direct Ihe operations ol 
a technical support giuup and marine data re- 
duction and archiving facility. In addition, you 
will work directly with the Chairman of Marine 
Geology and Geophysics, but will coordinate 
the marine programs ol all research groups, as 
well as lake Ihe lead In the preparation ol pro- 
posals to acquire funds In support ol facilities. 

Qualifications Include: 1) experience and/or 
training in MG&G, 2) larnfflarity with MG&G In- 
strumentation and equipment, 3) familiarity with 
research vessel operations, and 4) manage- 
ment experience. 

Applicants should submit resume ol educational 
and work experience to: 

Dr. W. J. Ludwig 

Aotlng Chairman 

Marine Geology 6 Geophysics 

Lsmont-Dohsrty Geological Observatory 

Pallsadae, New York 10664. 


Heedi larlh Resources Branch, NASA/ 
Goddard Space Pllghl Center. GS-1330- 
14/lfl: $37,B7i-S50,112 per annum, full-time per- 
manent. The Earth Survey Applications Division, 
Applications Directorate, NASA! Goddard Splice 
Flight Center Invites applications for Ihe open 
position ol Head. Earth Resources Branch. The 
Incumbent ol (hie position is responsible for planning, 
managing, and conducting broad programs in 
earth resources remote sensing basic and applied 
research and data analysis, emphasizing the devel- 
opment and demonstration ol applications of remote 
sensing of earth resources from earth orbiting satel- 
lites. The primary areas ol research In the Branch are 
land uB& management, vegetation actences includ- 
ing agrtajllu re/forestry/rangeland and environmental 
monitoring utilizing remotely sensed data and ad- 
vanced technologies. Also, significant effort to dedi- 
cated to sensor data evaluation In terms of appll- 
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cations and scientific utility, and to specification ol 
date acquisition end information extraction systems 
which best meal user sdentitiesnd resource man- 
egament needs. An advanced degree In earth or 
physical sciences (a required with education in the 
vegetation actences, land uao or environmental mon- 
itoring being specifically prof or rod. Candidates 
should also havo several years of progressively 
more responsible oxperlonce In the conduct, guid- 
ance end management ol remote sensing teeeatph 
programs and clear evidence ol a strong research 
background Indicating senior research sciential stature. 
Resumes/SF I7t’s should be sent lo: 

Or. Robert D. Price, Aselslant Chief 
Earth Survey Applications Division 
Code 920 

Goddard Space Flight Center 
Greenbelt, MD 2077 1 
Doadllne for applications is April 30, 1981. 




Ph. D. Scientist I or II 

Will work for the High Altitude Observatory in the Solar Variability 
Section. As part of a group, will develop theories of fluid 
dynamical and magneto-hydrodynamical turbulence and apply 
them to problems of solar and stellar convection zones and at- 
mospheres. Examples: turbulent transport of momentum and 
energy, amplification and dissipation of magnetic fields, turbulent 
convection. Part of lima will be spent developing theoretical 
parameterlzatlons of turbulent processes which can be incor- 
porated into global models of solar convection and the solar 
dynamo. 

REQUIRES (for level I): 

• Ph. D. in Physical Science and strong training In fluid 
dynamics. 

• Demonstrated post-doctoral research experience in tur- 
bulence problems, preferably in a geophysical or 
astrophyslcal context. 

• Research level knowledge ol magneto-hydrodynamics and 
MHD turbulence. 

•Willingness to apply turbulence theory to solar and stellar pro- 
blems. 

REQUIRES (for level II): 

Substantially more experience beyond the Ph. D. Degree In tur- 
bulence problems, preferably fn a geophysical or 
astrophyslcal context, which has resulted In significant in- 
dependent research contributions appearing in publications. 

Also desired, but not required (for level ! and II): 

Demonstrated research experience in MHD turbulence pro- 
blems, as evidenced by research publications. 


Salary Range: 


- $23,904 - 35,856 

- $28,680 - 43,032 


This Is a three year term appointment which may be occupied 
1 October 1981 or later. Sand vitae, publication list, and a discus- 
sion ol revelant scientific background and how you would ap- 
proach the solar turbulence problem to Margareta Domeckl, NA- 
TIONAL CENTER FOR ATMOSPHERIC RESEARCH, P.O. Box 
3000, Boulder, Colorado 80307. Closing date Is August 1, 1981. 




An Equal OppOitunlly/AUIrmailta AC Hon Employer 


(conoco) 



kj M efe cto d ; ^ hlwMk Pilot w 'of the cartd 

5 “r- 1 .Oten 


Electrical Methods 
Research Geophysicist 

The Exploration Research Division of Conoco Inc. is Interested in hiring a Ph.D. 
level scientist who is competent in all aspects of electrical methods. The job will 
emphasize the development of electrical methods in a research environment to 
obtain operational systems for solving real exploration problems. The applicant 
should be capable of handling field equipment end be interested in the 
soolications acquisition, and interpretation ss well as the theory of electrical 
methods. Applicants should submit a vita, official transcripts of all college level 
work, and four references with phone numbers to: 

John Oehler 

Technical Assistant to the Manager 
Exploration Research Division 
Conoco Inc. 

Ponca City, Oklahoma 74601 
An Equtl Opportunity Employer 
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PoitdaetaralAtesearah Asaoclat* Po*l- 
(Ions, The John* Hopkins University, Ap- 
plied Physio* Laboratory. Positions are avail- 
able lor studies of magnelospheric-Ionospheric cou- 
pling, hydromagnetic waves, and plasma 
instabilities In tho Ionosphere and magnetosphere. 
Tho selected candidates will paillclpate In the anat- 
yala and iniorprotation of dale tram spacecraft and 
graund-basod radars as well aa in the development 
and Implementation ol new ground-based end 
spacecraft studies. Positions are lor one year and 
are renewable. Tenure may begin at any lime 
through September 1 , 1981. Applications should be 
addressed to Mr. Steven P. Sayre, Dept. ADI- 15, 
Tha Johns Hopkins University, Applied Phyelce 
Laboratory, Johns Hopkins Road, Laurel, MD 
20820. 

An equal opportunity employer, m/f. 


SERVICES 

Serlpps Remote Sensing Tutorials. 

I A. Overview ol the Remote Sensing Facility— 
This one-day seminar describes (he dale bases, 
sources and processing capabilities available at 
5cnppa Institution of Oceanography, Remole Sens- 


ing Faculty. A morning lecture will Introduce past, 
currant and future space platforms available for ob- 
servation of the Oceans. A brief discussion of 
where end how to access this Information will con- 
clude Ihe lire! part of the class. 

The afternoon will Include a demonstration of 
processing and displaying Imagery obtained from 
TIROS-N, NOAA-6 and NIMBUS-7. 

Classes will be held at the Helen Rain Room SIO 
Ubrary on Monday, April 20, 1881 and Monday, 
July 27, 1981. at 830 am. A nonrefundable lea of 
$50.00 must be submitted with the application. En- 
roHmenl limit— 12. 

2A. Users Introduction to the Scripps Remote 
Sensing FadSty—Th Is -four-day workshop Is Intend- 
ed exclusively lor Individuals who will be using the 
facility at Scripps. Two morning Isctures wRi de- 
scribe in detail the hardware, software and person- 
nel resources available to oceanographers. Existing 
data bases, their characteristics, location, mode 
and cost of access will be covered. Basics of (mage 
processing will be Introduced along with In-depth 
look et the Interactive Digital Image Manipulation 
System used at the SRSF. 

The two lectures will be followed by afternoon lab 
sessions which consist ol hands-on exercises to fa- 
miliarize users with the hardware/software at the fa- 
cility. The third morning wfll be devoted to train us- 


ers In realtime spacecraft tracking and data r«nM_ 
ing and acquisition. V oaifl r6cn * 

The remainder of the 3rd day and the enHra i* 
B work with uU,, on! o5£, 
baala. Attendees are encouraged to brlno ihnfrTT 
digital tapes with data of Interest £ them XT 
can used during this last portion of the work- 

Gasses will be held In the Helen Ftattt Room an 
Ubrary starting on Tuesday, April 21, 1981^3, 
Tuesday. July 27, 1981 at 8:30 am. A Isa of 
$335.00 must be submitted with each appiicaton 
Enrollment limit— 6. 

For more information regarding applications, 
fees, etc., please contact University ol California * 
San Diego. SRSF/SIO. Mall Code A-030 La jS? 
California 92093 or (71 4) 452-2292 * 


SUPPLIES 

Rook Hammer wlih pick head end leathsr hol- 
ster lor $16.00. This is $6.00 below llsl price Writs 
for free catalog "Geologic Field Supplies and Pros- 
pecting Equipment". Weatern Heritage, 101 S 
Washington St., Hinsdale, IL 60521. Telephone 
(312) 964-5226. V 


Meetings 


AGU 


1 


Ocean Sciences! AGU/ASLO Joint Meeting 




^AGU/ASLO^ 

Joint Meeting 

PVhuuy k* W PJK 
SjiiAwiniTri.il I 


A |olnt mooting ol Iho American 
Geophysical Union's Oceanography /fa** 

Section and Iho American Society /O' Tj\ 

of Limnology and Oceanography JO AGU/ASLO vJA 
will be hold February 16-19. 1982, [ Joint Meeting “•] 
In San Antonio, Texas. The El \ raiwivfcw ww I 
Tropicano Holal Is headquarters lor V / 

the meeting, with additional housing VyOnQrtCf 
available at the St. Anthony and tho 
Gunter hotels. 

The Call for Papers, soliciting contributed papers from 
AGU and ASLO members, will be Issued later ihfs spring. 
All abstracts must be submitted according to AGU format 
and guidelines. The deadline lor abstracts will be In No- 
vember. Information on publication will bo included in the 
call for papers 

Special Sessions 

Ocean Climate and Biological Productivity Connections 
Overview of Large Oceanographic Projects 
Biology and Physics of Gulf Stream Rings 
Relations Between Biology and Circulation in the Gulf of 
Mexico 

Geological Effects of Ocean Circulation 
Anthropogenic Inputs to Ihe Ocean: Diverse Points ol 
View 

Processes and Resources of the North Pacific Shelves 
Small Lake Limnology 
Marine and Freshwater Bioiurbation 
Ocean-River Interaction: Sedimentation and Chemistry 
Particle Fluxes in Ihe Water Column and Benthic Bound- 
ary Layer 

Relations between Mesoscale Physical and Biological 
Processes 
Coastal Processes 

Biological and Physical Measurement Techniques 
Microscale Processes and Effects on Biota 
Physics and Biology of Tee Edges 

Program Committee 

Convenors: Worth D. Nowlin, Jr.. Departmenl of Ocean- 
ography, Texas A&M University. College Station, TX 
77843. (713) 845-2947; Richard W. Eppley, Inslitute of Ma- 
rine Resources. A-018. S.I.O., University of California al 
San Diego. La Jolla, CA 92093, (714) 452-2338 [office) 
(714) 452-3194 (secretary). 

Members: Charles D. Hollister, Woods Hole Oceano- 
graphic Institution. Woods Hole, MA 02543, (617) 548- 
1400: Peter Jumars. Ocean Science and Technology Divi- 
sion, Office of Naval Research. 800 N. Quincy Street Ar- 
lington. VA 22217, (202) 696-4590; Claire Schalski, Great 
Lakes Research Division, University ol Wisconsin. 2200 
Bonnie Steei Boulevard. Ann Arbor. Ml 4B109, (313) 764- 
2422; and KarlTureklan, Geology Departmenl. Yale Uni- 
versity. Box 2161, Yale Station. New Haven. CT 06520 
(203) 436-0377. 


Housing 

El Tropicano Hofei 
Single $37 
Double $47 


SI. Anthony Hotol 
Single $44 
Double twin $60 
Ooubto'doubie $60 
King $78 


Gunter Hoiel 
Single $35 
Double $41 
Additional person 
$5.00 


If you are net an AGU or ASLO member, write Moeiinos AGU 
2000 Florida Avonuo. N W., Washington. D C. 20009 and ask to 
be placed on Ocean Sciences Jcinl Meeting malting list. $ 


Croslon-Sedlmentatfon Processes In 
Mountainous Terrain 

The spectrum of processes Influencing erosion and sedl- 
menlalfon Is greatly enlarged In mountainous areas as 
compared to lowlands. Accordingly, much ol the knowledge 
gained from studies on lowlands has limited application S* •• 
mountainous regions. A symposium to review eroslon-aedi- 
mentallop processes In mounlatoous terraln l9 8cheduled ; 


for the 1981 Fall Meeting of the American Geophysical 
Union. The meellng will be held In San Francisco during 
Ihe week ol December 7-11, 1981. Four major areas of in- 
terest will be considered: (1) surface erosion processes; (2) 
mass erosion processes; (3) channel processes; and (4) ef- 
fects of land uses. Papers dealing with Individual processes 
or combinations of processes or modeling of responses will 
be considered. 

A copy of the abstract must be sent lo the symposium 
chairman by August 15 at the following address: Walter F. 
Megahan, Forestry Sciences Laboratory, USDA Forest Ser- 
vice, 316 East Myrtle Street, Boise, ID 83702. 

Details regarding the meeting and Ihe submission of ab- 
stracts will be announced In Eos In June; similar Informa- 
tion can be obtained by writing Fall Meeting, American 
Geophysical Union, 2000 Florida Avenue, N.W., Washlna- 
ton, D.C. 20009. 

An original and two copies must be sent lo AGU at the 
above address by the Fall Meeting Abstract deadline— Seo- 
tember 16, 1981. 58 H 

Rainwater Cistern Systems 

The University of Hawaii's Water Resources Research 
Center and AGU will cosponsor the International Confer- 

!2^r«5? inwater C,stern S y stem s. scheduled for June 
It 18 ' W In Honolulu, Hawaii. The objective of ihe con- 
e re nee Is to gather past and current knowledge of rainwa- 
ter cisterns, Including rainfall analysis, catchment area, 
storage cisterns, water quality control, water use policy, 
and risk analysis. Also to be Included are discussions of ur- 
ban water management and the impacts of cisterns on so- 
S!?n J Yk environment, and energy conservation. Inlegra- 

sCnnil^Vc^ 1 ? < ? stern 8ystems wl,h ex,slin 9 water 
fS u ? rainage systems w 111 a,so be explored. 

For additional Information, contact Yu-SI Fok General 

U n fun C8 f ^ iaif ■ Water Resources Research Center 

T S,re9, ■ H ° nolulUl Hl 96822 ’ 

Hydrometeorology Symposium 

an T^f Am ® rica l n Water Resources Association will soonsor 
anjnternational symposium on hydrometeorology on P June 

Consultants, 2909 West 7th Ave J n«KrgS l M 

Petroleum Colloquium 

quhim Wl,! Sp0nsor Coll °' 

BanH, Alberta, on OcKber lS-T "*** ln ,he ,80 ' s ,n 

surveying ^echnlquejf ^ resent^anTtofl^ 8 ! ° f h CUrT6nt 8psc,al 
navigation and for 

mapping and charting fede techniques for 
mapping developments arri !J? mmenl surveying and 

=ade P md 5 EKft ln , lho «*«*■ 

" Tn^ 1 ?'" 8 !! 18 on lhe P8lSum InS" 9 and 8U,vey ' 
Jo register In ad?m^ or 


Membership Directory Corrections 

Please note the following corrections or omissions ton 
the Membership Directory published In the November 4 
1980 Eos. 

Benedlto P. F. Braja, Jr.. Department de Hldraullca— 
EPUSP, P.O. Box 8174, Sao Paulo, SP, Brazil 05568, |M- 
7B-H). 

Robert F. Cockerham, U.S. Geological Survey, Mai Slog 
77, 345 Mlddlefield Road, Menlo Park, California 94025, 
(M-70-T). 

Stephen A. Cooperman, Department of Earth/Space Sci- 
ences, University of California at Los Angeles, Los Ange- 
les, California 90024, (O): 213-825-4363. (H): 213-893- 
8249, (S-79-P). 

Irene Fischer, 301 Philadelphia Avenue, Takoma Park. 
Maryland 20012, (F-56-G). 

James T. Peterson, NCAA, RL3-335, 325 Broadway, 
Boulder, Colorado 80303, (0): 303-497-6668, (H):303-53fr 
4695, (M-79-M). 

William W. Sager, Hawaii Institute of Geophysics, 2525 
Correa Road, Honolulu. Hawaii 96822, (0); 808-946-5972 
(H): 808-946-7456, (S-79-GP). 

Gordon S. Stewart, Selsmologlcal Laboratory, Caiitomi: 
Institute of Technology, Pasadena, California 91125,2# 
796-6811, X2958, (ST-75-S). 

William Thordareon, 1020 15th Street. 8G, Denver, Cs> 
rado 80202, (M-79). 

Michael A. Welssman, Flow Research Company, 21414 
68th Avenue South, Kent, Washington 98031, 206-872- 
8500, (M-79-0). 

Those members who Joined before April 1979 have sec- 
ondary sections of Seismology and Meteorology switched 


AGU Spring Meeting 
May 25 “29 

Session Highlights^ 

# Tectonophyslcs 

Large-Scale Thtn-Skin Tectonics { cosponsored 
by Seismology) 

Includes Investigations and structural analyses of 
style deformation ln regions of both compressions! ww ^ 
sional tectonlsm. Geologic and seismic evidence 
collement-style bulling and geophysical and geotoffc 
ancient analogues will be discussed together with W V" 
of reactivation of decollements. Regional studies sp®V . 
globe, Including Investigations in the Himalayas, Aieu _ 
trench area, big bend area of the San Andreas, 
key, the Alps, toe Apennines, toe Appalachian 8 . 
ran fold and thrust belt, and toe Basin and Range 
(A full day session on Wednesday followed by a bn 81 . - . 

ness meeting and beer.) 

Tectonics of Venus and Earth: A Compart 80 ?^ 
(cosponsored by Planetology) . ' ; im • 

Pioneer Venus has provided earth sdentlsts ^th H ^ 
glimpse of the surface of the earth’s sister pbnat 
collected by the Pioneer spacecraft on the 
mis and the composition of. Its atmosphere ■ 

constraints on models of planetary structure arid 
Analysis of this data clearly indicates that lhfl^, 0 ^^^^ 

: differences ,;betweeh current styles of ^obal - 

tipn on thebe two 'planetary bodies. -ThbspecJ?*' 

:^ew the fundamental differences betvveen toe 

■! ,_r t •• 1 ii -.Jll alert. 
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Illinois Deep Hole Project (cosponsored by VGP) 

Preliminary results of Investigations In a privately drilled, 
continuously cored 1.6-km-deep drill hole In northern Illinois 
nada available to the scientific community. This hole pene- 
trated approximately 1 km of crystalline basement, affording 
delailed studies of the petrography, chemistry, deformation 
history, and isotopic geochronology of toe Precambrian that 
comprises the basement, as well as deep measurements of the 
rock mass permeability, heat flow, and state of stress in this 
currently tectonically stable interior region. (Monday PM) 

• Seismology 

A day-long special session Wednesday on New Frontiers In 
Earth Structure is devoted to toe seismic transmission prob- 
lems of anisotropy, scattering, and Q. The topics discussed In- 
clude mantle anisotropy and its geodynamlc Implications, 
apparent and real Q in the short-period passband, and In situ 
Q measurements. The controversial nature of these studies 
should stimulate some lively discussions. At the special session 
on Refraction and Reflection, Tuesday morning, the latest re- 
sults from COCORP deep crustal soundings will be presented 
along with theoretical studies of wave propagation In oceanic 
structure and travel time Inversions. A Monday afternoon ses- 
sion on Seismicity and Tectonics will feature a reassessment 
ol lhe motion between the Caribbean and North American 
plates, based largely on selsmologlcal evidence. Also to be 
presented at that session Is an asperity model for global varia- 
tions In the modes of subduetton. On Tuesday afternoon a 
session on the Setsmtc*Source will emphasize moment tensor 
representation of large earthquakes, with a particularly inter- 
esting paper on complex earthquakes modelled as two or 
more large events with different mechanisms separated In 
space and time. 

# Volcanology, Geochemistry, Petrology 


Arcs and Ophlolltes 

This session will concentrate on geochemical and isotopic 
evidence concerning the origin of arc-related volcanlsm. In- 
ducting the relation between subduction and the chemistry of 
arc volcanic rocks, and the origin of ophlolltes. An Important 
question addressed by several of the papers Is that of the pos- 
sibility that ophlolltes represent oceanic crust from more than 
one geochemical environment. (Monday, A.M.) 

Kimberlites and Other Strange Bodies 

This section concentrates on the petrology, geochemistry, 
and origin of kimberlites, but it also includes papers on car- 


bonatites, ultramalle bodies, and xenollths. The session 
should appeal especially to those who are interested In data 
and Ideas concerning samples from deep-sealed environ- 
ments. (Monday, P.M.) 

Precambrian Evolution of the Earth 

The two spedal sessions on the Precambrian Evolution of 
the Earth will concentrate on the history and processes from 
toe Initial accretion to the formation of the continental crusL 
The origin of the earth will be discussed within lhe larger con- 
text of the origin or the solar system and evidence about for- 
mation from the study of meteorites. Subsequent topics to be 
discussed will Include accretions, thermal evolution, convec- 
tion in the primitive earth, chemical zonation and develop- 
ment, and age and development of continental crust. (Tues- 
day) 

Silicate Melt Structure and Crystallization 
Processes In Igneous Rocks 

A full day will be devoted to these special sessions. They 
will bring together workers In the fields of crystal chemistry 
and petrology to present review papers as well as papers dis- 
cussing new methods and data. Topics will Include Ihe struc- 
ture of geologically important silicate melts, methods of deter- 
mining melt structure, applications of Ihe concepts of melt 
structure to petrologic problems, processes of controlled crys- 
tal growth from silicate melts, effects of nudeatlon and growth 
on the textures and mineral compositions of igneous rocks, 
and solubility of volatile components In silicate melts. 
(Wednesday, A.M.) 

Seafloor and Ocean Island Volcanic Rocks 

The source geochemistry and mechanisms of ridge cresl 
midplate volcanlsm still remain mysterious in spile of a consid- 
erable body of data on rocks from these environments. The 
papers In this session will focus primarily on magma genera- 
tion process at midocean ridges and geochemical comparison 
of MORB and volcanic rocks from oceanic Islands. Several 
papers deal with the geochemistry of aseismic ridges and la- 
vas produced from subducted ocean crust. (Wednesday, 

A.M.) 

Isotope Geochemistry and Geochronology 

This session will include a variety of papers of interest lo 
those concerned with new applications and data on isotope 
geochemistry and Isotopic dating. Several papers will concen- 
trate on diffusion of oxygen and strontium. New applications 
and interpretation of Rb-Sr and Ar 40/Ar-39 dating, new data 
on U and Pb Isotopic variations in single crystals, and further 


developments in Re- 187/05 187 chronometry will also be 
topics of discussion. (Wednesday. P.M. ) 

Vo/canoes and Their Rocks 

Two half-day sessions are devoted to Ihe description of clr- 
cum-PacIflc and Pacific volcanoes, eruption mechanisms, and 
the geochemistry of volcanic eruption products from both 
oceanic and continental environments. Specific topics range 
from the mechanism of the 1980 eruption of Ml. St. Helens, 
through descriptions of volcanic centers in Alaska. Guatemala. 
New Zealand, and Hawaii, to the geochemistry continental la- 
vas from North America, Africa, and India. Those Interested in 
magma mixing and magma chambers will also find food for 
thought. (Thursday) 

Neat Papers About Plutonic Rocks 

The session focuses primarily on the geochemistry and pe- 
trology of granites and granitic rocks from the eastern part of 
North America. Petrologlsts Interested in the origin of tonn- 
lites, nepheline syenites, and gabbros, however, will not be 
disappointed. (Friday, A.M.) 

VGP Potpourri 

Among the diverse subjecis covered in this session will be 
new evidence from New Mexico on Ihe Inridlum anomaly at 
toe Cretaceous-Tertiary boundary and the extinction of dino- 
saurs. Also included are a series of papurs dealing with the 
problems of storing nuclear waste in the geologic environment 
and a paper discussing Nd and Sr Isotopic evidence on the 
origin of central American volcanos. (Friday, A.M.) 

Docadc of North American Geology 

During tliu PJBO's, us n part of its cuiitnnrri.il. thn Gun- 
lugicnl Society of America is sponsoring thn Uacmli! of 
North Aninriam Guology. One of thn priori pul goals of 
this project is the crentiun of a massive synthesis of the 
guolngy unci geophysics nf the North Americ an I 'lute. 

This will Ini iicutiiiplishucl by means of n serin* of 
l:5 ( nno.lJ()U giiulngic. tectonic, gravity anomaly, magnetic 
miunialy. mid liiiunnmut maps, and approximately Li i 
volumes of inlugruteri information on regional geology 
mul geophysics. The activity will involve must major 
goo logical organizations on the continent, and products 
will appear throughout (lie decade. 

A workshop devoted In discussion nf plans for tilt; vol- 
umes on Iho Atlantic Coastal Pluin and Shell. Ihe West- 
ern Atlantic Ocunn Basin, and the Eastern I'ac.ilii. Ocean 
Basin is scheduled lor Monday. 3-5 P.M.. Km mi MM. 
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SESsE® 1 - 

of Electrics! 
Athens ni! 0 ?" 1 Technical University 
c ««ot S Ct ? ho e r , 28th Avo., Athcns- 
Ulli 1 ■■■ hofllos and N. Amlroula- 

f'Olct Ion' Mini' r V<,r1 ^Jcation of Lin's 
'■ales i,[th dSj f ? r . rai ? “ttenuotian sta- 
,jJl ° 1 Ini In tal - en fr on a terrestrial 
Itttido, " Mhena. Is presented. It 
nod*| c *"w U k a8 .I) 8 Indication that 
^ »dio i “ i ho appropriate one 

* , 1 , «MtloJ!" l 5?.J| J 1 ? 0 Greok airspace (Rain 
41 s O.. predict ton nodoll . 

^!^ 1 s?ATisnfc C A , i r0p8aBt,0n 

' lt Ji analysis bethphn rain 

• ,s h«llWeil«i N ?^ TTENUAT,0N 

?( Ir -corinp i? ' n °Partmont or Uoctrlcal 
l Z, l ^‘ 0hor . ;8th Avo -. AiI.cim' 

,* direct r«;: ^‘“"Oalos. 

raiS Joint sto 1 1st lc« 

j'Onn d|, c . 'enuotlon and cross-polnrl - 
: rr «Ultg 1* proposod . 

■h!? riWn ce of rS2i2 1 i? , . ,B conc ernlnR the 

lS» l0U * Wo-dkBan ? kS ’ B * WCM hl,h 
u , ,n °<tcnuai on norn,al approaches 

Umo)! W ‘ dC|,oLa riiut ion, fade 

’*• p «P(r 1S05JJ 
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of Tech- ' - 

Ol ens^i-I dlstaocea at trail 

!"* ,rrt °rvcBtw T £r t *V* lp ; 

• t *‘ w ro thi ^ «»»clon.ht7bf kh. 
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0930 Sat ante net hods 
SYNTHETIC VERTICAL SEISMIC PROFILE 
K. Pautinhahn vyacc (Phillips Potroliun Gonpany, 
71-C PRC, BartLoavllle, OK 740011 

A tiBO-dauln modal has bean devalapod for calcu- 
lation of s synchaeic varcical aalnlc pro ( 1 1 a 
(SVSP) froa a sonic log ricordod In a borahola. 

Tha SVSP has provan to ba ntreaiaiy uiaful lo tha 
laeatpratattao of aalasle data aloca It illoua the 
iatarpratar to analjrta the propagation or tha 
oourea pulia through tha aarth ln depth al wll as 
cIbb. 

Previously , tha aynthcLIc aalBBogroB torhnlqua 
alio wad aoslyals of tha aarth 1 a r tape DID to tha 
■aurea pulia at tha rnrfaea only. Bounar, tha da- 
vjlopMDC or the BVSP allows Inalght Into tha an- 
tlra vova propagation problra alnca tha calculation 
ahowa tha rilpsnaa of the aartb to tba aoorca 
pula a at «« depth point tu tha auhanrfaca. For 
axanpla, tha ayathatlc HlaMgnua can ba nied to 
Identify oo avanc on tha aalaalc a action ■ iwlcl- 

pla, whernu, tba BVSP cannot only Identify a mdel- 
ple, but caa alee abev which path tha aoaree pulaa 
cook thronjh tha aarth layara to craita tha 
Bultlpla. 

The SVSP con alao ba uaad to analyia the change 
ln character of tha source pulaa dut to the layer- 
ing affect of the Birth, for esoaple. offanta of a 
thin bad ex; nance; to atudy amplitude vtrlatloua 
due to tra esad salon lottos: sod to axuloa the af- 
faata of different asnree pulse benArfthi on the 
final lurfaca aolmogree, ate. Aa latarpratara 
gain aiptclaiKa in asalYilng tha SVSP, niny ooro 
application! ari aapastad to appair. 

Gaophyilcii Vol. *6, Bo. S 


0930 Saloulc oithodi _ 

THE THEORETICAL BEISKIC REFLECTION RESPONSE OF 

s ed man act sequEnces 

See 0910 Cooputir appllcitlooa 

C. J. Valieboer (Bhel! Dovalopuaae Ceapuy. 

lira Raaaaroh Canter, P. 0. Box 4B1, Houaton. TX 

^A^aadiaentary aeguasca coo quite often 
aid ared vary fruitfully « a discrete Hl.kuv ehalo. 
and thua can ba deacrlbad by a atflrtiatio Mttlx. 
Knowing this matrix and tha thlaknMs probability 

• distribution! or the layaca of tha 

I pa ting llcholaglaa, while MMMlWf ** 
■ltlei and volocltiaa aro normally dlatrlbutad, 

and iipra.alon la derived for tha autocorrelation 

(or p^ar ipeccn*) of the aelaile tel loot loo cea- 
poua. Thia exproaaloo too bring out aaiautlal 
chgraccarlatloa' uf the pmar ipaetra,l.a ; |_t >*«. j . 
low-fraqutoey droop and Ite slope. Ihla then lands 

!HtaSSu eSluaUno ■* — '“ d thi 

■edlemtary psrsaetars or tho aeqatnea ouch ‘I* 
Matter of tha ref loot loo eoofMuianls and tta^ 
sand *e ha Is tstlo or sedlhantarj 
Tba case of ■ binary »qii«*-. ” 
ant .aquinrd of tho aadlMota J* 

• area and tfgHl*. *> «d 

rat leal’ rqaolte conform »U 

load to the . Intimating eonclueloo that IMaM 
MtlMtlcn of tha above Mntlopod perio. tera is . 

S aqalbla. \ . • ‘ ’ 1 ■ ■ 

qophgrmlei, Vol. A6, Hoi' o . _ i • 

fr^T-naui,. -- = 

■ fSSSt « r K _?,‘iyi^r.c?o«i 


whin they arrive al aigclflcaui lepadjnea rontreita 
In the borehole auch ai changes In casing dlawir. 

Cooputir alaulatiil vertlnl gaopheno arrays an 
unad tn reduce there tube waves, but auch arra.a 
Sttanuata and filter body wave event! unless italic 
tlr* ahlfta are aide lo that the body wave signal 
occurs at rha eeoi tim-vay t tee at each giephoaa 
atacion. Canaiquantly, actual downhole vortical gco- 
phDDB array* are not an effective cosns by which 
tuba wova* coo b* ellotnated. Foinr spectra (r} 1T- 
tanul of tuba vava and CDopraallonll body wave 
avsets danonetrac* that band-pie* Illtera deal pied 
to alls [Data tuba vivas alao suppress body wave 
algn&la. A ■ lop la but afractlva (laid technique far 
reducing tuba vavai la shown to ba piopar source 
of fiat. 

Cling velocity filter* tn rat diva up going coa- 
p ran a local evants froa CSF data haaully cantamlc- 
ntad ulth tubs visa nalaa yield! In one axanpla an 
■eraeuact with surface aoalurad re fl action! chat 
ta inpirlur to that abraltwd froa synthetic aclsan- 
rr .T calculated froa log data raeordad ln tha 

Goophymici, Vol. lb, No. 6 


0930 SslMle msthoda 

HCOfLINa or THE acoustic wave equation with trass- 
posh METHODS 

Saa 0910 Cooputar applications 

Jana Giidag (IBM Sc Until Ic Center, P. O. Box 

10300, 1330 Page Kill Road, Palo Alto, CA 9A3043 

Hoar leal onthodi H* daicrlbad ter tha simula- 
tion of | vara phansaena with nppllcatlon to lbs 
ondellng of aalnlc data. Two Mpsrata topics are 
atudlod. The flrat dials with tha solutleu of tbs 
scout tic wav* equation. Tha ancond topic train 
wav* phiaoaana whoa* direction of propagation is 
restricted within 190 digrrae frn a given nxll. 

Tn tha numerical mathodi dovaloptd hern, tha 
vava Maid la advanced In lima hv using standard 
tin* differencing tthaMi. On tha uthrr hand, ca- 
preialoui Including apace derivative (eras ere com- 
puted by Fourier cranafam method a. Thia approach 
to confuting darlvatlvia nlnlnliei Inietstlon 
arrori ■ inotliar beruFit nf transform methods ba- 
Confli evident wimp aucaptlng tn raetxlcc propau- 
Cion to upward oovlng veve*. s.R.. M avoid multi-, 
pie raflsctlOM. CtMinliti lapoud on the direc- 
tion nf the wive propa|itLun am atcempIlxHed noil 
prtclsely In th* nvanuabar domain. . 

The error snalyiia of ihi algorithm! ahowa that 
cruncitlea error! art due mainly to line discreti- 
sation. Such errors esn be United by (to choice 
nf the doe step. Far hips the oo*l «1 pdf Irani er- 
ror phiPenonoo Is rslstid to llllitng- this tKMi 
not (csabli whan' a narrow polls traverses s region 
with ptren* velocity varlatieoi, II is shown that 
alluinx arrets ran be IloltiJ bp tto ttolci Of 
thi polls width. Tha fasiIUlitp ol these rodellng. ■ 

SSSiilr.'rSI'W.T " mfU - 
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1H9ZU10N or HRPRACTIMI DATA H »** FHUI. 
O0NTP«ATI«( '• , , ' ’ 

8*1 OflA Cemputar applieatleiu _■ 

. Robert H. a*yM» (Stanford Explnatlen rrmjact, . 
DtpartneM of Cacqihyslea, Btoaford UallrSftlty, 
«^orTcA 14103) Oaorgs A. HcIbclM ■ / _ J ‘ 

. Tba ikkiii if wall Squat!** csMInuilOK (UlM- 

tldq) la adapted fuir xafrsetlon dgta »n nrde* te .. 
prod** valdSitj-dapth dlrsclly «“ 

Ltd id gits. Theprucodute conllata of t*o Ifowr 
. ^pavafemacibo* t S iJAot atack of tha data pjodedkn 
• m 2 u i* 0* P L r pl»J»a which. 1. then domi- 

w»r^co*tlm*4 uiipg t -0 as th# Imoglng condition. 
, , Tha repp It li thst d,t 9 «» “*** 

■ ImtalnSid th* dae-dlMaoc* domain into the 
ilmnau-dapth demits, vhsxn the velocity ' 

*lnba plcUd glnstly. N» trsvU-tims picklng la 
TzTj_. L —a .1 1 th! ‘data 111 prassat LhrwAMut 


The r.athod Is Iternilwa bacauau Ir la ns<««sary 
to epeclfy a velocity function fr,r th* continua- 
tion, Thn solutlop producer) by a given I tent ton 
Is uaed as the continuation velocity function for 
the next step. Convergence Is determined when tho 
output wave field Icagea the eana velocity- depth 
rune t Ion iv was leput to the cantla-jot Ion. 

The nathad otvlitea Che prohlna associated with 
determining the envelope of aolntlona that are eoti- 
elitant with the obaervaclone, alnca tha Elea ra- 
•eluilcn in eha date la tranaferead Into a depth 
resolution In (ha v towns u- dap th domain. 

Tba cat hod tv Illustrated with aaveral synthetic 
axasp lea, and with a refract Ion Elms recorded In 
the Inparlml Valley, California. 

Geophysics, Vol. 16, No. A 
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niTPAKCfTALa OP FKQDESCF D0KA1H HI CHAT COM 
Io«| H. Chun (Seismograph 3* nrle a Corp. , P. 0. 
Box DM, Tulsa, OK PA IDE) Choicer A. fscauLci 
Prequaocp domain mlgraetan la foundad upon the 
ware equation, and aa Includes dllfraetlons is] 
other a f Facta. Thin paper saaki to motivate and 
illuminate frequency domain migration using 
straightforward gaamatrlo techniques and alcple 
frequancy domain obiervatlona. 

Oophyilci, Val. 4b, Ko. S 
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